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EDITOR'S PREFACE. 


As may be seen in page xxii. of the English translation 
of the author's preface to vol. i., in p. 8 of vol. ii., and 
in p. 13 of the present volume, it was the author’s 
intention that the fourth and concluding volume of the 
“ Kosmos” should contain, for the telluric portion of 
the universe, a notice of the specialities of the several 
branches of science of which the mutual connection 
had been indicated in the “general view of nature” 
presented in the first volume; the specialities of the 
uranological portion having been treated in volume iii. 
It has proved impossible, however, to comprise within 
the limits of an ordinary single volume the treatment 
of both the “inorganic and organic domains” of ter- 
restrial nature, as contemplated in p. 13 of the present 
volume, or even the whole of what is there indicated as 


appertaining to the first of these divisions: the fourth 
ad 
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volume will, therefore, consist of two parts, of which 
the first was published in the German original at the 
commencement of the present year, and is now pre- 
sented in the English translation; the possibility of 
publishing the work in English within so short a time 
of its appearance in German being the result of the 
early possession of the larger portion of the proof 
sheets, for which advantage the editor and translator 
are indebted to the good offices of M. de Humboldt 
himself, and to the obliging permission of the German 
publisher, Mr. Cotta. 

The first 224 pages of the original text and notes 
were printed early in 1854. The long attachment of 
the illustrious author to the subject of terrestrial mag- 
netism, which is contained therein, and which in a very 
large measure owes to him, and to the impulse given by 
him, the position which it now occupies, rendered him 
even peculiarly desirous that its treatment should corre- 
spond fully to the latest progress of our knowledge. 
That progress has been such as to render the years 
which have elapsed since 1854 equivalent to a much 
longer interval in other departments of science, In 
this view, therefore, besides making himself some brief 
but important additions in pp, 449 to 452, M. de Hum- 
boldt has expressed, on several oceasions in the course 
of our correspondence, a desire that I should make in 
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the English translation further rectification’ and en- 
largements, which he might afterwards embody in the 
work itself, on the completion of its concluding portion. 

Tn compliance with this honourable and gratifying 
request, I have ventured to make some corrections in 
pp. 104 to 107 of the original (114 to 117 of the 
translation), and have added three notes —one on the 
figure of the earth, and two on subjects in terrestrial 
magnetism ; these will be found in pp. 453 to 516. 
That in so doing I have not gone beyond either the 
letter or the spirit of M. de Humboldt's express desire 
will, I think, best appear by the following extracts from 
his correspondence, which I therefore permit myself to 
make: — 

“Tout ce qui appartient aux détails des corrections 
spéciales, comme pp. 113-117, que je posside déja im- 
primées en votre traduction, peut étre réservé a la 
nouvelle édition de tout le ‘Kosmos’ qui sera publiée 
quelques mois aprés que le 4% volume, seconde et 
dernitre partie, sera terminé. Tous les changemens que 
vous daignerez faire dans la traduction actuelle du 4” 
volume, partie premidre (et je vous supplie d’en faire 
beaucoup), seront employés consciencieusement.”... * Je 
ferni la plus vive attention & toutes les corrections que 
vous daignerez ajouter en notes A la traduction, comme 
aux changemens que vous introduirez immédiatement 
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dans le texte. Je réserve tout cela pour des additions & 
la fin du vol. iv, seconde et derniére section. C'est li que 
trouveront leur places les changemens que je découvre 
dans vos pp. 113-117. Vous sentez, mon cher ami, 
qu'il sera plus utile de réunir tout ce dont votre tra- 
duction aura enrichi louvrage, et de le placer & la fin 
de Vouvrage, en traduisant en allemand les passages 
entiers quelques longs qu’ils puissent étre.”... “ Je veux 
que rien ne se perde pour l’Allemagne de ce qui vient 
de vous, ayant la prétention de donner dans mon 
« Kosmos’ yos travaux dans leur grand ensemble, comme 
ils ne se trouvent encore nulle part.” 

Some passages which occur in the commencement of 
the first volume of * Kosmos," relating to the physical 
sciences generally, and to the manner in which, in 
different stages of their progress, their resulta are more 
or less susceptible of being presented under general 
points of view, appear to me so appropriate to the 
past and present state of the science of terrestrial 
magnetism, that in attempting the following brief ex- 
planation of the manner in which I have endeavoured to 
fulfil the wish conveyed in the preceding extracts, I adopt 
those expressions in great measure as conveying the views 
which I entertain, and by which I have been guided. 
Amongst the many branches into which terrestrial mag- 
netiain divides itself, it is only very recently that some 
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have begun to emerge from that state in which “facts, 
though studied with assiduity and sagacity, still appear 
for the most part unconnected, with little mutual rela- 
tion, and it may be even in some instances in seeming 
contradiction with each other.” I venture to think that 
these, the most advanced branches of terrestrial mag- 
netism, have already in some measure reached the 
stage at which “observations having multiplied, and 
having been combined by reflection, more and more 
points of contact and links of mutual relation are 
discovered,” and the intricacies arising from the “ ex- 
cessive combination of phenomena” are already yield- 
ing to a “knowledge of the primary laws by which 
they are regulated,” which knowledge is, in its turn, 
conducting to still “higher and more extensive general- 
isations”—thus preparing the way for that yet more 
advanced stage, when “a deeper insight into natural 
forces may be attained.” Yet while in regard to these 
branches it is already becoming “more and more pos- 
tible to develop general truths with conciseness without 
superficiality,” that task is still one of very great 
difficulty, and admits of only imperfect and partial 
realisation. Therefore, inasmuch as it was impossible 
for me to comprehend within any admissible limits a 
complete résumé of all that has already been gained in 
terrestrial magnetism, I have, on the present occasion, 
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written notes on two branches only of the general sub- 
ject—viz. on the magnetic disturbances, and on the solar 
diurnal variation of the declination ; in respect to these 
branches “ combination, by reasoning, of the aggregation 
of observed facts,” their “ generalisation,” and the pro- 
gressive “discovery of laws,” have advanced so far that 
it has become possible, agreeably to the presiding idea 
of M. de Humboldt’s work on the Kosmos, to “arrange 
the phenomena in such a connection and sequence as 
may facilitate the insight into their causal connection.” 
To treat these two subjects * without superficiality ” has 


fully engrossed all the space that I could permit myvelf 
to occupy, seeing the number of pages to which the 
present volume has extended. 


EDWARD SABINE. 


13, Ashley Place, London + 
Apeil 14th, 1858. 
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COSMOS: 


A PHYSICAL DESCRIPTION OF THE UNIVERSE. 


SPECIAL RESULTS OF OBSERVATION IN THE DOMAIN OF 
TERRESTRIAL PHANOMENA. 


INTRODUCTION. 


In a work of very extensive scope, in which facility of 
comprehension and the production of a clear and distinct 
general impression are especially aimed at, the structure of 
the work, and the co-ordination and arrangement of the 
several parts which compose the whole, are almost even 
more important than the richness and abundance of the 
materials, This is the more sensibly felt in the “Cosmos,” 
or “ Book of Nature,” where it is necessary to separate 
carefully the generalisation of our theme, both in the ob- 
jective view of external phenomena and in the reflection of 
nature in the mirror of man’s inner being, from the nar- 
ration of the several results of observation. The first two 
volumes of my work were devoted to the generalisation thus 
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spoken of, first in the contemplation of the universe as a 
natural whole, and next in an endeavour to show how in 
the course of centuries, at different periods in the history 
of the human race, and in the most different regions of the 
earth, mankind had progressively advanced towards a recog~ 
nition of the concurrent action of the forces of nature. 
Although the arrangement in significant order of the 
descriptions of phzenomena is in itself adapted to lead us to 
recognise their causal connection, yet it could not be hoped 
that « general representation should appear fresh, animated, 
and life-like, unless restricted within such limits as should 
not permit the general effect to be lost, under the excessive 
and too crowded accumulation of separate facts. 

As in collections of geographical or geological maps, 
Tepresenting graphically the configuration of land and sea, 
or the characters and arrangement of the rocks at the earth's 
surface, general maps are made to precede special ones; 80 
it has appeared to me most fitting that in the Physical De- _ 
scription of the Universe, its representation ss a whole, 
contemplated from more general and higher points of view, 
should be followed by the separate presentation, in the two 
last volumes, of those special results of observation on which 
the present state of our knowledge is more particularly based, 
‘These two last volumes, therefore (as I have already remarked, 
Ba. iii, S.4—9; Engl. p. 4—9), are to be regarded simply 
a8 an extension and more careful elaboration of the general 
representation of Nature, which constituted my first volume ; 
and as the third was devoted exclusively to the nranological 
or sidereal domain of the Cosmos, so the present and last 
volume is designed to treat of the telluric sphere, or of the 
phenomena belonging to the globe which we inhabit. We 
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thus retain the highly ancient, simple, and natural division 
of creation into the Heavens and the Earth, as preserved to 
us in the earliest monuments of all nations. 

If already, in the course of the last volume, in passing 
from the consideration of the heaven of the fixed stars—in 
which countless suns shine either singly, or revolving round 
each other, or are known to us only as constituting the faint 
light of distant nebule,—we felt the transition to our own 
Planetary system to be a descent from the great and universal 
to the relatively small and special, the field of contemplation 
becomes restricted within yet far narrower limits, in passing, 
as we are now to do, from the totality of the varied solar 
system to one only of the planets which circle round its 
central luminary. The distance of the nearest of the fixed 
stars, « Centauri, is still 263 times greater than the dia- 
meter of the solar system taken to the aphelion of the comet 
of 1680, and yet the lutter distance is itself 858 times 
greater than that of our Earth from the Sun. (Kosmos, 
Ba. iii. S. 582; Engl. p. 261). These numbers (in which 
the parallax of « Centauri is taken at 07-9187) assign 
approximately the distance of a comparatively near region 
of sidereal space from the conjectured outermost limit of the 
solar system, and the distance of this latter limit from the 
Earth. 

Uranology, which occupies itself with the contents of the 
remote regions of space, still preserves its ancient prerogative 
of affecting the imagination by the most powerful impres- 
sions of the sublime, the inconceivable vastness of the rela- 
tions of space and number which it presents, the recognised 
order and law which govern the movements of the celestial 
bodies, and lastly, from the tribute of our admiration called 
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forth by those conquests from the dominion of the unknown, 
which have been achieved by observation and intellectual 
research. The sense of this regularity and periodicity had 
impressed itself so carly on the minds of men, that we often 
find it reflected in their forms of speech, indicating a refe- 
tence to the preordained course of the heavenly bodies. To 
this it may be added, that among the laws which men have 
as yet been enabled to recognise in the material universe, 
those which regulate the movements of bodies in celestial 
space sre perhaps the most admirable by their simplicity ; 
being founded exclusively on the measure and distribution 
of aggregated ponderuble matter, and its powers of attraction. 
‘The impression of the sublime arising from the sensibly vast 
and immeasurable, passes, almost unconsciously to ourselves, 
by virtue of the mysterious bond which links the sensuous 
with the supersensnous, into a higher region of ideas. There 
dwells in the image of the immeasurable, the boundless, the 
infinite, a power which disposes the mind to a serious and 
solemn tone, with which, as with the impression of what- 
ever is intellectually great or morally exalted, emotion 
mingles. 

‘The effect which the occurrence of unwonted celestial 
plinomena produces so generally and simultaneously on 
entire masses of population, testifies the influence of this 
association of feelings. The power exercised on more sen- 
sitive minds by the simple aspect of the star-strewn canopy 
of heaven, is farther sugmented by augmented knowledge, 
and by the application of instroments, which, invented by 
man, extend his visual powers, and with them ibe horizon of 
his observation. The impression of the incomprehensible 

mincnsity of the universe thus subjected to law and regu- 
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This feeling takes from the unsesrebatu: Seqxis af suece. 
of time, that which to the exeited imagimatace Ime seuerviet 
attached to.them, of shrmking awe. Ix ac uns uf! 
earth, man, in the impulse of kis saciru sewsiuirr. 12+ 
praised the “calm repose of 2 star-Rebs scummer mei” 
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All cosmical bodies, excepting our own planet, an ile 
aerolites which are attracted by it, are, so far a: we can 
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recognise them, simply homogeneous gravitating matter, 
without specific, or, what is called, elementary diversity of 
substance. ‘This simplicity, however, is by no means to be 
regarded as belonging to the actual nature and constitution 
of those distant orbs themselves; itis founded solely on the 
simplicity of the conditions of which the assumption suffices 
for the explanation and prediction of their movements in 
celestial space, and (as I have already more than once had 
occasion to remark: Kosmos, Bd. i. S, 56—60, and 141; 
Ba. iii, 8. 4, 18, 21—25, 594, and 626; Engl. Vol. i. 
p- 50—54 and 126; Vol. iii. p, 4, 18, 21—25, 421, and 
448) on the exclusion of all direct and assured perception on 
our parts of diversities of substance in the heavenly bodies. 
We thus have presented to us for solution the great problem 
of a system of celestial mechanics, subjecting all that is 
variable in the uranological sphere solely to the doctrine of 
the Jaws of motion, 

Periodical changes in the appearance of the light reflected 
from the surface of Mars do indeed indicate difference of 
seasons and meteorological phenomena, #. ¢, precipitations 
occasioned by the cooling of the atmosphere of the planet 
at its opposite poles in the opposite portions of its year 
(Kosmos, Bd. iii. 8. 513; Engl. p.371). Guided by 
analogy and connection of ideas, we may indeed énfer from 
hence the existence of ice or snow (and therefore of oxygen 
and hydrogen, the constituents of water) in the planet 
Mars; as we may also infer the existence of different kinds 
of rock in the erapted masses and flat annular plains of the 
Moon ; but we cannot assure ourselves of the actual state of 
things by direct observation. Newton only permitted him- 
self to entertain conjectures as to the elementary constitution 
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of the planets belonging to the same solar svstem, a ve 
learn from an important conversation held br zm wi? 
Conduit at Kensington (Kosmos, Bd. i S. 137 and $40 ; 
Engl. p.122and $89), The uniform spectacle of apgereax 
homogeneous gravitating matter ageregated im eelexxi ose 
has struck the imagination of man im various wars, the met 
remarkable instance being, perhaps, the myth wine Jeuds 
to the soundless deserts of space the magic of mrasiead t-nes 
(Kosmos, Bad. iii. S. 487439; Engl. p.315—317,. 

In the all but infinite variety of chemically-disinet s15- 
stances, and the manifestations of force which they exk"2=,— 
in the formative and productive activity of the wicse of 
organic nature, and of many inorganic sub:tasces,—sad x. 
the changes which produce the never-ending appearstex -f 
origination and destruction,—the order-seking Ki#72, 
ranging through the terrestrial domain, lovks, ofiex =emex- 
fied, for simple laws of motion. In the Phvsies f Arisszr, 
it is said, “the fundamental principles of all natu i-+ 
variation and motion; whoso does not recognise thew, cet 
not recognise nature” (Phys. Auscult. iii. 1, p. 260, Bexker : 
and, alluding to “diversity of substance,” “d&erexex -f 
essence,” he terms motion, in respect to the cavaces of 
“ qualitatives,” “transformation,” aAMewex; a vex t= 
different from simple “ mixtare,” pif, and ax ixesece- 
tration, which does not exclude re-separatua “De zener. <- 
corrupt. i. 1, p. 827). 

The unequal ascent of fluids in capiilars tutes; o- 
dosmose, so active in all organic ceils, which is petacis¢ 
consequence of capillarity; the condensatinn of gee in: 
porous bodies (oxygen gas in platinum under a prestcire of 
above 700 atmospheres, and carbonic acid gas in besth 
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wood-charcoal, where more than a third of the quantity of 
gas is condensed in a liquid form on the walls of the cells) ; 
and the chemical sction of “contact substances,” which by 
their presence (catalytically) occasion or destroy combina- 
tions without taking themselves any part therein,—all these 
phenomena teach that substances exercise upon each other, 
at infinitely emall distances, an attraction dependent on 
their specific essences, Such attractions cannot be con- 
ceived without motion excited by them, although escaping 
our visual perception. In what relation this mutual mole- 
cular attraction, viewed as a cause of perpetual motion 
on the surface of the globe, and, it is highly probable, also 
in its interior, may stand to the attraction of gravitation, by 
virtue of which the planets, and the central bodies around 
which they revolve, are in perpetual motion, is wholly 
unknown to us. Even s partial solution of such a purely 
physical problem would constitute the highest and most 
glorious prize, which the combination of experiment with 
intellectual reasoning could attain in such lines of research. 
Tn the above allusions to molecular, and what is commonly 
called Newtonian attraction, I have not been willing to 
employ the latter term to designate exclusively the attraction 
which prevails in the regions of space, extending to illimitable 
distances, and acting inversely as the square of the distance. 
Such an application of the word Newtonian sppears to me 
almost an injustice to the memory of that great man, who 
alrendy recognised both the manifestations of force, whilst 
at the same time, as if anticipating future discoveries, he 
attempted, in his appendix to his work on Optics, to at- 
tribute capillarity, and the little that was then known of 
chemical affinity, to universal gravitation (Laplace, Expos. 
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du Syat. da Monde, p. $384; Kosmos, Bd. iii. S. 22, snd 42 
Anm. 39; Engl. p. 21, and vii, Note 39}. 

As in the visible world it is especially om the oceanic 
horizon, that optical illusions often hold out to tae exp=c- 
tation of the discoverer the promise of new lands, witich fz 
a time remains unrealised, so has it been on the bounds of 
the ideal horizon, in the remotest regions of the inteieetzal 
world, that to the earnest inquirer many promising hopes 
have arisen and have again faded away. Great discoveries 
in recent times are indeed suited to heighten expectation ca 
this subject; such are contact-electricity,—rotation-ms2- 
netism, which can be excited by substances either in a uid 
or a solid state,—the attempt to regard all affinity 2s a con- 
sequence of the electric relations of atoms to a predominating 
polar force,—the theory of isomorphous substances appied 
to the formation of crystals, —many phenomena of the exectriz 
state of the living muscular fibre,—and the knowledge gained 
of the influence of the height of the Sun (the temperature- 
raising solar rays) on the greater or less magnetic susceyti- 
bility of a constituent of our atmosphere, oxygen. When 
we see new light dawning from a previously unknown groop 
of phzenomena in the material world, we may the more 
hopefully think ourselves on the verge of new discoveries, 
if the relations of the new facts to those with which we 
were previously acquainted, appear obseare or even con- 
tradictory. 

I have by preference adduced examples in which dynamic 
actions of motive forces of attraction appear to open the 
path by which we may hope to approach nearer to the solu- 
tion of the problems of the original, invariable (and therefore 
termed elementary) heterogeneity of substances (as oxygen, 
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hydrogen, sulphur, potash, phosphorus, tin, &c.), and the 
degree of their tendency to combine, or their chemical 
affinity. Differences of form and composition are, however, 
T here repeat, the elements of the whole of our knowledge 
of matter; they are the abstractions under or through which, 
by means of measurement and analysis, we endeavour to 
comprehend the whole of the material world. The detonation 
of fulminates with a slight mechanical pressure, and the 
still more violent explosion, accompanied by fire, of chloride 
of nitrogen, contrast with the explosive combination of 
chlorine and hydrogen gas on exposure to the direct inci- 
dence of a solar ray, more especially the violet ray. Change 
of substance, combination and decomposition, mark the 
perpetual circuit of the elements in inorganic nature, us 
well as in the animated cells of plants and animals. “The 
quantity of the existing substances, however, remains the 
same; the elements only change their relative positions.” 

‘Thus the sentence anciently enounced by Anaxagoras, 
still holds good, that “that which exists in the universe 
suffers neither augmentation nor decrease ;” and that what 
his contemporaries termed the perishing of things, was a 
mere dissolution of previous combinations. It is indeed 
true that the terrestrial sphere, inasmuch as it is the seat of 
the only organic eorporeal world accessible to our observa- 
tion, appears a continual field of death and of corruption ; 
but it is also true, that the great natural process of slow 
combustion, which we term corruption, does not bring with 
it any annihilation, ‘The disengaged substances recombine 
in other forms, which, by the forces residing in them, 
become the means of calling forth fresh life from the bosom 
of the earth. 
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B. 


RESULTS OF OBSERVATION IN THE TELLURIC PORTION 
OF THE PHYSICAL DESCRIPTION OF THE UNIVERSE. 


In endeavouring to bring an immeasurable mass of mate- 
rials, consisting of the most multifarious objects, into the 
desired subjection,—#. ¢. to arrange the phenomena in suc 
aconnection and sequence as shall facilitate the insight into 
their causal connection,—it is necessary, in order to make the 
representation at once clear and comprehensive, not to allow 
particular details, especially in long-explored and mastered 
fields of observation, to escape from the higher point of view 
of cosmical unity. The telluric, as opposed to the uranologic 
portion of the Physical Description of the Universe, naturally 
divides itself into two parts :—the Inorganic and the Organic 
domain. The jirst comprises the magnitude, figure, and 
density of the terrestrial globe ; its internal heat, and electro- 
magnetic activity; the mineralogical constitution of the 
earth’s crust ; the reaction of the interior of the planet on 
its surface, acting dynamically as in earthquake movements, 
and chemically as in the processes of the formation and 
alteration of rocks ; the partial covering of the solid surface 
by the liquid expanse of seas; the outline and configuration 
of the more elevated portions of the solid surface, forming 
continents and islands; and the general, outermost, gaseous 
envelope of the earth, the atmosphere. The second, or the 
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organic domain, will embrace, not the different animated or 
vegetable forms themselves, as in a description of nature, 
but rather their places in reference to the solid and liquid 
parts of the earth’s surface, or the geography of plants and 
animals and the gradations of races and tribes distinguishable 
in the specific unity of mankind. 

This division into two domains also belongs in o certain 
degree to antiquity. A line of demarcation was drawn be- 
tween the elementary processes, change of form and transi- 
tion of substances into each other, on the one hand, and the 
life of plants and animals on the other. The distinction 
between plants and animals {in the entire absence of any 
means of augmenting the visual powers) (1) was made to 
rest either solely on intuitive apprehension, or on the dogma 
of self-nourishment (Aristot. de Anima, ii. 1, T. i. p, 412, 
a 14 Bekker), and internal impulse or volition leading to 
motion, That kind of intellectual conception which I have 
called intuitive apprehension, or rather intuition, and still 
more, the Stagirite’s own peculiar scuteness in the fruitful 
combination of ideas, led him to discern the apparent transi- 
tion from the inanimate to the animate, from the elementary 
substance to the plant, and even to the view that, in the pro- 
gressively higher processes of formation, there might be 
found intermediate gradations from plants to the lower 
kinds of snimals. (Aristot. de part. Animal. iv. 5, p. 681, 
4 12; and Hist, Animal. viii, 1, p. 588, a 4 Bekker). ‘The 
history of organic nature (taking the word history in its 
primary signification,—therefore in relation to earlier periods 
of time, to the periods of the ancient Floras and Faunas) 
is 20 intimately allied to geology, #. e. to the sequence of 
the successive superimposed strata of the earth's surface, 
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Magnitude, Figure, and Density of the Earth—Internal Heat of the 
Earth, and its Distribution—Magnetic Activity, manifesting itself 
in yariatious of Inclination, Declination, and Force—Maguetic 
Storms—Polar Light, or Aurorn. 


Tuere is contained in all languages, though it may be 
etymologically represented under different symbolical forms, 
an expression equivalent to that of “Nature,” (and some- 
times, as man is inclined to refer always primarily to the 
seat of his own habitation, “Terrestrial Nature”), desig- 
nating the result of the harmonious concurrent action of a 
system of impelling forces, which are themselves only known 
to us through their effects in the production of motion, 
combinetion, aud separation, and partially in the formation 
of organic tissues (living organisms), which reproduce their 
like.  Naturgefiihl,” the feeling for, or sentiment of 
Natare, is, in dispositions accessible to such impressions, the 
vague, but exciting and elevating impression of this general 
systematic action. Curiosity is first arrested by the rela- 
tions in space and magnitude of our planet, a globular mass 
of almost imperceptible minuteness in the immeasurable 
universe, A system of concurrent activities uniting, or (by 
polar action) separating, substances, supposes dependence of 
each particle on the others, in the elementary processes of 
inorganic formation, as well us in the elicitation and main- 
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tenance of organic life. The size and Seure af the ter 
restrinl globe—its mnss (i. ¢. the quantity of matter of 
which it consists, nnd which, compared with a» ruler, 
determines its density, and thereby, under certain conditions, 
its internal constitution, ax well as the comme of Ste 
attracting force) ;—are all connected with each other by a= 
interdependence, more distinctly recogsimible and sume 
accessible to mathematical treatment then thet which we 
have os yet been able to perceive in the vital procomes 
above alluded to, in thermal currents, or is the tellorie 
conditions of clectro-magnetim snd chemical changes of 
substances. Relations which, in complicated pluenumens, 
we are not yet able to measure quantitatively, my yet exiet, 
and may be rendered probable on grounds of indartion. 

Although we cannot, in the present state of our know- 
ledge, reduce to the sume law the two kinds of attraction — 
viz. that which acts at sensible distances (se the mutual 
gravitation of the heavenly bodies}, and thet which acta st 
distances immeasurably small (molecular or contoct-nttrac- 
tion), —yet it is not on that account the leas credible, that 
capillary attraction, and the action of endoemove, no im- 
portant in the ascent of sap and other juices and for the 
whole of vegetable and animal physiology, may be affected 
by the amount snd relations of gravity, as may also electro- 
tmugnetic processes and chemical action, We may assume, 
to take extreme circumstances, that if our planet hnd only 
the muss of the Moon, so thst the force of gravity at its 
surface should have only about one-sixth of its present 
intensity, the meteorological processes of our climates, the 
hypsometrical relations of our mountsin-chains, and the 
physiognomy (facies) of our vegetation, would all be very 
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Wied Mem eliab theyare. The adso/uze size of our globe, 
so) wlual Weamabout to vccupy ourselves, becomes im. 
eee ie Hie ganeeal coonomy of nature, on account of the 
epee mubsinting between it and the mass and velocity of 
soebeike fom, speaking generally throughout the universe, if 
De slienaionhof planets, the quantity of substance, or mass, 
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- 
& Magnitude, Pigure (Ellipticity), and Density of the 
Earth, 

(Hatwusion of the “ Picture of Nature” in Kosmos, Ba. i. 
HR Whe 17H and 420—425. In the English, Vol. i. 
Ye Mb 101 and 400—405,) 

‘Woo Barth bine been measured and weighed to obtain its 

qraot form, density, and mass, The precision which has 

‘yen eoumantly aimed ot in these terrestrial determinations 

jus at (lw enine time benefitted astronomy by the improve- 

eile Ls Mweiring instroments and in methods of analysis 

Wiklol Hie yurrwalt bas called forth, no less than by the solu 

Hui of the problem itself, Indeed, a considerable part of 

{ho oparatton of tho measurement of degrees is itself gstro- 

dwmalenl | allitidlon of stars determine the curvature of the arc 

wf wiloh tho longth is found by geodesical operations, 

Methods have. been discovered, in the higher branches of 

jiuthiwntion, for obtaining from given numerical elements 

Hin wilutlon of Whe difficult: problems of the form of the 

Wie figure of equilibrium of a flaid homogeneous 





mass, or that of a solid shell-like non-homogeneoas masz, 
rotating round a fixed axis. From Newton and Huygens, 
the most celebrated geometricians of the eighteenth century 
were occupied with this solution. Here, as always, it i 
well to remember, that whatever is achieved by intellectaal 
effort and mathematical research, derives its value, not alome 
from that which is actually discovered and added to the 
domain of human knowledge; butalso, and more expecially, 
from the higher perfection and power to which the snalyticsl 
instrament hus been wrought in the course of the invest 


gation. 

“The geometrical, as distinguished) from the sctaal piy- 
sical, figure of the Earth,(*) is determined by what would be 
the surface of water in a network of canals creryeliene 
covering the earth in connection with the orm. Thie 
ideal geometric surface (the exiension and compbction 
of the oceanic surfece) is everywhere perpendiculke to Ge 
direction of the forces compounded of all the sttesctione 
proceeding from the several particles of whieh the exch oe 
to its velocity of rotation.(«) This figuer cam anby be 
regurded an approximating, om the whale, sry seacty 
that of an elliptic spheroid of revetstion ; far cmepilaesties 
in the distribution of the mum im the imterser af Gu acts 
produce, not only local varitions <f demety, het see 
irregularity in the geometric warisex, wince w the peucnet 
af the eoncarrent setion of mnerenby Cucina <a 
The physical surlore of the eS & Gat d Ge aconly 
existing land and wate” Geingiew manne sender & me 
improbable that accidental aiemmiome wie aie ane poe 
in the molten matersls ax the stem f x le ty 
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mobile notwithstanding the great pressure to which they 
are subject, may cause internul displacements of mass, which 
may modify, after very lovg intervals of time, the geometric 
surface itself im the curvature of the meridians and parallels 
within small distances; while the physical surface is ex- 
posed, in its ocennic portion, to a constantly recurring 
periodical displacement of mass by the ebb and flow of the 
tides. The smallness of the effect on gravitation of the 
first-named supposed class of phinomens, may cause a very 
slow and gradual change taking place in continental regions 
to escape discovery by actual observation: according to 
Bessel’s calculation, in order to increase the height of the 
pole atany particular place only 1”, there must be supposed 
to be displaced in the interior of the earth mass of such 
weight as that, its density being taken as equal to the mean 
density of the earth, its bulk shall be equal to 114 cubic 
geographical (German) miles, (German geographical miles 
ore 15 to a degree), (8) Large as this volume may appear 
for’ the supposed displaced mass when we compare it with 
the volume of Mont Blanc, of Chimborazo, of Kinchinjunga, 
it will seem less so when we recollect that the terrestrial 
spheroid contains above 2650 millions of such cubic 
miles. 
‘The problem of the figure of the Harth—the connection of 
which with the geological question respecting an earlier fluid 
state of the rotating planetary body had already been recog- 
nised st the great epoch (®) of Newton, Huygens, and Hooke, 
—has been attempted to be solved, with unequal success, in 
three different ways: by astro-geodesical measurement of 
degrees, by pendulum experiments, and by the inequalities 
of the Moon in latitude and longitude, The first method 
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divides itself in its application into two: viz. the measure- 
ment of degrees of Jatitude on an are of the meridian, and 
the mensurement of degrees of longitude on different 
parallels, Although seven years have now elapsed since I 
included in my “General Representation of Natare” the re- 
sults of Bessel’s important memoir on the dimensions of the 
Earth, yet his investigation cannot even now be replaced by 
more comprehensive one, based on later measurements of 
dogrees, There are, indeed, to be soon expected, one 
important addition, aud one more perfect revision,—the 
publication of the nearly completed Russian Arc, extending 
almost from the North Cape to the Black Sea; and the 
careful comparison of the standard employed in the Indian 
Arc, whereby the results of the latter will be more assured. 
By the determinations published by Bessel in 1841, the 
ment dimensions of our planet, according to the most exnet 
investigation (7) of ten measured ares, are as follows: the 
semi-rmajor axis of the spheroid of rotation, which approxi- 
mates most wearly to the irregular figure of the Earth, is 
8272077,14 toises; the semi-minor axis, 3261139',33 ; the 
length of w quadrant of the Earth, 5131179181; the length 
ofa mean degree of latitude, 57013',109; the length of a 
degree of longitude, on the equator, 57108',520, and in 
latitude 45°, 404491371; the ellipticity, or flattening at 
the poles, sem; and the length of a German geographical 
mile of 15 to an equatorial degree, 3807423. The following 
Table shows the increase of the length of a degree of the 
meridian from the equator to the poles, as found by ob- 
servation,—modified, therefore, by local disturbances of 
attraction :— 
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The determination of the figure of the Barth by the mea. 
surement of degrees of longitude in different parallels of 
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latitude, requires great exactness in the observed differences 
of longitude, Cassini de Thary and Lacaille, as carly as 
1740, availed themselves of powder signals in the measure- 
ment of an aro perpendicular to the meridian in the parallel 
of Paris, At « more modern period, the length of parallel 
arcs, and the differences of longitude, were measured with 
far better instramental means, and with greater certainty, in 
the course of the great Trigonometrical Survey of England ; 
the determinations were between Beechy Head and Dunnose, 
and between Dover and Falmouth,(#) the differences of 
longitude being indeed only 1° 26’ and 6° 22’ respectively. 
‘The most brilliant operation of this kind was undoubtedly 
the measurement of the aro between the meridians of 
Marennes on the west coast of France, and Fiume. It 
crosses the most western chain of the Alps, and the 
Lombard plains of Milan and Padua: the measurement was 
executed by Broasseand and Largeteau, Plana and Carlini, 
and extends overa direct distance of 15° 32' 27", almost 
entirely under the middle parallel of 45°. ‘The many pon- 
dulum experiments which were made in the neighbourhood 
of the mountains confirmed in « remarkable manner the 
previously recognised influence of local attraction, shown 
by the comparison of the astronomical latitudes with the 
results of the geodesical measurements. (°) 

Next to these two classes of direct measurements of de- 
wrees, (a) of meridianal, and (4) of parallel arcs, mention 
should be made of a purely astronomical mode of determining 
the Barth's figure. It is founded on the influence exercised 
by the Earth on the motion of the Moon (i.e on the 
inequalities in her latitude and longitude). Laplace, who 
first recognised the cause of these inequalities, also indicated 
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the mode of applying them to this question, and eagaciously 
remarked, that this method has a great advantage which 
detached measurements of degrees and pendulum experi- 
ments cannot have, in giving in a single result the 
mean figure of the Earth (or the form belonging to the 
entire planet). I recall with pleasure the happy expressions 
by which this method was characterised by its inventor, (1%) 
“that an astronomer, without quitting his observatory, 
might learn from the motions of a single heavenly body the 
precise form of the Marth which he inhabits”’ According 
to a final revision of the inequalities in latitude and 
longitude of our satellite, and the employment of several 
thousand observations by Burg, Bouvard, and Burekhardt,(!1) 
Laplace found for the figure of the Earth an ellipticity of 
sristh, which approximates very nearly to that given by the 
measurements of degrees, viz. y}»+ 

‘The oscillations of a pendulum offer a third method of 
determining the figure of the Earth (ie. the ratio of the 
major to the minor axis, under the assumption of the form 
being that of an elliptic spheroid), by finding the Inw 
according to which the force of gravity increases in pro- 
ceeding from the equator to the poles. ‘The oscillations of 
a pendulim had been first applied to the determination of 
time by the Arabian astronomers, and in particular by 
Ebn-Junis, at the end of the tenth century, in the brilliant 
period of the Abasside Culiphs ;(!*) andafter being neglected 
for six centuries, were agnin employed by Galileo and by 
Riceioli at Bologna,(“) By combination with wheel-work 
for regulating the march of time-pieces (employed first in 
the imperfect attempts of Sanctorius at Padua in 1612, and 
subsequently in the finished work of Huygens in 1656), the 





‘DENSITY OF THE EARTH. 25 


pendulum became, in Richer’s comparison of the march of 
the same astronomical clock ot Paris and at Cayenne (in 
1672), the first experimental proof of the variation in the 
force of gravity in different latitudes. Picard had, indeed, 
been occupied in the preparations for this important expe- 
dition, but he does not on that account attribute to himself 
the merit of the first proposition, Richer left Paris in 
October 1671, and Picard, in the description of his men- 
surement of a degree, published in the same year (1671), 
remarked simply("), that “at a meeting of the Academy, 
one of the members expressed an opinion, that, on account 
of the Earth's rotation, weights might be found to be less 
heavy, or have less gravity, at the equator than at the pole.” 
He adds doubtingly, “thut, indeed, according to some 
observations made in London, Lyons, and Bologna, it would 
seem as it the seconds pendulum required to be shortened 
in approaching the equator; but that, on the other hand, 
he is not sufficiently convinced of the accuracy of those 
measurements, because, at the Hague, the length of the 
seconds pendulam was found to be quite the same as at 
Paris, notwithstanding the difference of latitude.” We 
unfortunately cannot learn when Newton first obtained the 
knowledge, which was to him so important, of Richer's 
pendulum results, obtained in 1672 but first published in 
printed form in 1679; or of Cassini’s discovery, in 1666, 
of the ellipticity of Jupiter; or, at least, we cannot learn it 
with the same exactness and certainty which we possess in 
regard to his very late knowledge of Picard’s arc. At a 
period when, with so happy an emulation, theoretical views 
stimulated to the undertaking of observations, and the 
results of observation reacted in their turn on theory, the 
VOL, IV. o 
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exact knowledge of particular dates has a grest interest in 
the history of the establishment of physical astronomy on 
mathematical foundations. 

Tf the direct measurements of arcs of meridians and pa- 
rallels (particularly the French are (35) of the meridian 
between lat. 44° 42’ and 47°30’, and the parallel are 
between points situated east and west of the Graian, Cot- 
tian, and Moritime Alps), (**) show great deviations 
from the mean ellipsoidal figure of the Earth,—the irregu- 
larities in the measure of the ellipticity given by pendulum 
stations differently distributed or grouped as respects 
geographical relations, are much more striking. The de- 
termination of the figure of the Barth by the inerease or 
decrease of gravity (intensity of attraction at the respec- 
tive places) supposes that the intensity of the force at the 
surface of the terrestrial rotating spheroid has remained the 
same as at the period of solidification from a fluid state, 
and that no subsequent changes of density have taken place 
init.('7) Notwithstanding the great improvement of instru- 
ments and methods by Bordo, Kater, and Bessel, there are at 
present in both hemispheres, from South Shetland to Spitz- 
bergen—therefore from 62° 56" S. to 79° 50" N, latitale— 
only between 65 and 70 points very irregularly distributed 
over the earth’s surface, (!8) at which the length of the 
simple pendulum has been determined with the same exact- 
ness as the position of the place im latitude, longitude, and 
height above the sea. 

‘The pendulum experiments made on the part of an arc of 
the meridian measured by the French astronomers, as well us 
the observations made by Captain Kater in connection with 
the Trigonometrical Survey of Great Britain, showed that the 
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results could by no means be represented in every case bya 
variation in the force of gravity in the ratio of the square of 
the sine of the latitude. The English government deciled, 
therefore (al the recommendation of the Vice-President of 
the Royal Society, Davies Gilbert), on sending out a scien- 
tific expedition for the extension of the inquiry at stations 
far more widely removed from each other, which was entrusted 
to my friend Edward Sabine, who had previously accompanied 
Captain Parry, on his first Arctic expedition of discovery, as 
astronomer. He visited in the years 1822 and 1823, for 
the purpose of pendalum experiments, the West Coast of 
Africa from Sierra Leone to the Island of St. Thomas near 
the equator, Ascension, the coast of South America from 
Bahia to the mouth of the Orinoco, the West Indies, and 
New York, and subsequently the high Arctic north os far 
as Spitzborgen, and a previously unvisited part of East 
Greenland, concealed belind formidable icy barriers, in 
lat. 74°32", This brilliant and successfully executed under- 
taking had the advantage of being directed to a single sub- 
ject of researcli ss ite principal object, and of comprehending 
points extending over 93 degrees of latitude. 

‘The field of observation slong the French arc was indeed 
less near to the equinoctial and Arctic regions, but it had the 
great advantage of « linear distribution of the places of obser- 
vation and of direct comparison with the curvature found by 
tlie geodesical and astronomical operations. Biot, in 1824, 
continned the series of pendulum experiments from Formen- 
tera in 38° 89° 56” lat., where he had previously observed 
with Arago and Chaix, to Unst, the northernmost of the 
Shetlund Islands, in 60° 45’ 25”; aud in conjunction with 
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Mathieu made similar determinations on the parallel of 
Bourdeaux, Figeac, and Padua, to Fiume.(!9) These pen- 
dulum results, taken together with those of Sabine, give for 
the whole northern quadrant the ellipticity of ~}; but if 
divided into two parts, the results are far less accordant, (?°) 
#. e. from the equator to lat, 45° =},, and from lat. 45° to 
the pole =}. ‘The influence of the presence of the denser 
kinds of rock, such as basalt, greenstone, diorite, and mela- 
phyre, as compared with the specifically lighter sedimen- 
tary and tertiary formations, as well ns the effect of voleanic 
islands,(?") in increasing the intensity of gravity, has been 
recognised in most cases in both hemispheres; but there 
still remain anomalies which ure not wholly explained by 
the geological character of the rocks accessible to our 
observation, 

For the southern hemisphere we possess a small series of 
excellent observations, thinly scattered, however, over a wide 
extent, by Freycinet, Duperrey, Fallows, Liitke, Brisbane 
and Rumker, [and Foster]. They confirm what had already 
appeared so strikingly from the observations in the northern 
hemisphere, that the intensity of gravitation is not the 
same at all places having the same latitude ; so much so, 
that the increase of gravity from the equator to the poles 
would appear to be subjected to unequal laws under dif- 
ferent meridians, Lacnille’s pendulum experiments at the 
Cape of Good Hope, and those made in the Spanish voyage 
of circumnavigation of Malaspina, might. have caused it to 
be believed that the southern hemisphere was in general 
considerably more flaitened than the northern one; but, as 
Thave already stated, (*) more exact results at the Falkland 
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Islands, and in New Holland, compared with New York, 
Dunkirk, and Bareclona, have proved the contrary. 

From what has been said, it appears to follow, that the 
pendalum,—(no unimportant instrament of geological in- 
vestigation, being = kind of sounding-line by which the 
decp unseen terrestrial strata may be reached),—affords us 
less well-assured knowledge respecting the figure of our 
planet than that which may be gained from measurements 
of degrees and the lunar movements. Strata concentric, 
elliptic, each tsken separately homogeneous, but increasing 
in density according to certain functions of the distance in 
proceeding from the surface towards the centre of the earth 
(which are the supposed theoretical conditions), may, by 
their actual diversity of constitution, position, and order of 
density in different parts of the earth, occasion at the sur- 
face local deviations in the force of gravity, If the circam- 
stances which produce these deviations are much more 
recent than the hardening of the outer terrestrial crust, we 
may conceive the figure of the earth’s surface as not having 
been locally modified by the internal movement of the 
molten masses. At all events, the diversities of the results 
of measurements by means of the pendulum are far 
too great to be now ascribed to errors of observation. 
When pendulum stations are grouped or combined in 
various ways, 0 as to give accordance or systematic regu- 
larity im the generol results derivable from such com- 
binations, they are still always found to give a greater 
amount of ellipticity than measurements of degrees have 
hitherto done. 

If we take the result of these latter as now most generally 
reoeiyed, wccording to Besvel’s lust determination, viz. : 
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scur; the increase of the radius of the earth at the 
equator, (23) in comparison with that at the poles, is the 
difference between 3272077 and 3261139 toises ; being 
10938 toises, or 65628 Paris, or 69943 English, feet, or 
not quite 114 geographical miles. As it has been customary 
to compare this equatorial convexity of the earth's surface 
with well-measured mountain-clevations, I select os objects 
of comparison the highest known summit of the Himalaya, 
Kinchinjunga, 4406 toises, 26436 Paris or 28178 English 
fect, as measured by Colonel Waugh, and that part of the 
Plateau of Thibet which is nearest to the Sacred Lakes, Rakas- 
‘Tal and Manassarovar, and which, according to Lieut. Henry 
Strachey, attains the mean elevation of 2400 toises, or about 
15347 English fect. It would follow from hence that the 
enlargement of our planet in its equatorial zone is not 
three times as great as the elevation of the summit of the 
highest terrestrial mountain above the level of the sea, nor 
five times as great as the general elevation of the Eastern 
Plateau of Thibet. 

This is the proper place for remarking that differences 
between the results obtained for the amount of the earth’s 
ellipticity by measurements of degrees taken alone, and by 
the combination of measurements of degrees and pendulum 
experiments, are actually far smaller than we might be 
inclined to suppose at the first sight of the fractions in 
which those results are expressed. (%) The difference 
between ++, and ¢fy as the extreme results for the in- 
equality of the equatorial and polar axes, is little more than 
6600 Paris (7034 English) feet: not twice the height of 
such small mountains as Vesuvius and the Brocken. 
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As soon es the measurements of degrees in very different 
latitudes had manifested that the imerior of the carth 
canmot be assumed to be of uniform deasity, since their 
Tesalts showed an ellipticity mach inferior to that assumed 
by Newton (,},), and greatly exreeding ,!,, the amount 
corresponding to the hypothesis of Huygens of the whole 
attraction bemg concentrated at the centre of the earth,— 
the connection of the amount of ellipticity with the “law of 
density” in the interior of the terrestrial spheroid could not 
but become an important subject for analvtical investigation. 
‘Theoretical speculations on gravity led early to the conside- 
ration of the attractinn which might be exercised by moun- 
tain masses rising like banks from the dry bottom of the 
atmospheric ocean. Newton had already examined, in his 
« Treatise of the System of the World in a popular way, 
1728,” how much a mountain 2500 Paris feet high, and 
having a diameter of 5000 such feet, would deflect the 
plumb line from its vertical direction. It was probably this 
examination which gave occasion to the not very satisfactory 
experiments of Bouguer at Chimborazo,(%) and of Maske- 
lyne and Hutton at Schehallien in Perthshire, near Blair 
Athol ; to the comparison of the lengths of the seconds 
pendulum on the sea-shore and at 6000 French feet above 
the sea (at the Hospice on Mount Cenis by Carlini, and 
near Bourdeaux by Biot and Mathieu) ; and lastly, to the 
delicate and alone decisive experiments of Reich and Baily, 
made with the ingeniously-devieed “Torsion Balance,” 
invented by John Mitchell, (*) and transmitted through 
Wollaston to Cavendish. 

‘These three different modes of determining the density of 
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our planet have slready been so far treated of in detail, 
(Kosmos, Bd. i: S. 176—178 and 424, Anm. 6; Engl. p, 159 
—160 and 404), that it will be sufficient to subjoin here the 
result of the fresh experiments by Reich in 1847 and 1850, 
published in a later memoir by that indefatigable investi- 
gator.(*7) According to the present state of our knowledge, 
the results of the three methods are the following; the 
density of water being taken as unity. 


‘The Schehallien experiments; mean of Playfair’s 
maximum 4'867, and his minimum 4'559.... 4°713 
Pendulum observations at Mont Cenis, by Car- 
lini, with Giulio’s correction scenes £°950 
Torsion. Balance; Cavendish, according to 
5-448 
5440 
5660. 
5577 


The mean of the two lust results gives the density of the 
earth 5°62; much exceeding, therefore, that of the densest 
and finest-grained basalts (according to Leonhard’s nume- 
rous experiments, from 2-95 to 3:67); exceeding that of 
magnetic iron ore (49—5-2); and but little inferior 
to the native arsenic of Marienberg or Joachimsthal, 
I have already remarked (Kosmos, Bd. i, S. 177; Eng- 
lish edition, p. 160), that, viewing the great proportion of 
the visible strata of our continents which are secondary, 
tertiary, or alluvial, (the collective extent of volcanic or 
basaltic islands is exceedingly small,) the average density of 
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the superficies of that part of the outer crust of the globe 
which is not covered by water, probably scarcely amounts to 
between 2-4 and 2°6. Tf, with Rigaud, we take the ratio of 
the dry land to the water-corered surface as 10; 27, and 
remember that ocean soundings have given a depth or stratum 
of water of more than 27000 English feet, it will follow 
that the mean density of the external portion of our planet, 
consisting partly of land and partly and more extensively of 
water, scarcely attains the density of 1:5. It is certainly in 

correct, as. celebrated geometrician, Plana, has remarked, 
that the author of the “Mécanique céleste” should have 
ascribed to the exterior terrestrial crust the density of granite, 
which density bas itself been rated rather highly by Laplace 
at =3°0, (*) whence he obtained the density of the centre 
of the ecarth=10-047, ‘The latter is, according to Plana, 
16°27 if we take the upper strata at=1-83 (which differs 
little from 1°5 or 1°6 as the density of the ¢otal crust), 
‘The horizontal pendulum (the torsion balance) may, indeed, 
have been called, as well as the vertical pendulum, a geo- 
gnostical instrument ; but the geology of the inaccessible 
internal parts of the earth is, like the astrognosy of “ dark 
heavenly bodies,” only to be treated with great caution, In 
the volcanic section of this work, I shall have to touch 
on questions which have been propounded by others, 
respecting currents in the generally fluid interior of the 
earth, the probability or improbability of a movement of 
periodical ebb and flood in detached basins not entirely 
filled, and on the existence of spaces of less density beneath 
upheaved mountain-chains. () We ought not to omit in 
the “‘Cosmos’’ any consideration to which actual observa- 
tions, or not remote analogies, appear to lead, 

od 
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B. Internal Heat of the Earth, and its Distribution, 


(Enlargement of the Representation of Nature in Kosmos, 
Ba. i. 8. 179—184, 425—427, Anm. 7—10; Engl. 
Vol. i. p.161—167 and p. 405—407; Notes 137—140). 


Considerations respecting the internal heat of the earth, the 
importance of which has been so much enhanced by their 
now so generally acknowledged connection with voleanio 
action and phanomena of elevation, are based partly on 
direct, and therefore incontestable observation of tempera- 
tures in springs, borings, and mines ; and partly on analytical 
combinations respecting the gradual cooling down of our 
planet, and the influence which the diminution of tempera- 
ture may have exercised on its velocity of rotation,®") and 
on the direction of internal thermal currents in primeval 
time. The form of the flattened terrestrial spheroid is itself 
again dependent on the law of increasing density in con- 
centric superimposed non-homogencous shells. The first- 
mentioned, which is the experimental, and therefore more 
assured portion of the investigation to which we here confine 
ourselves, can, however, only shed light on the carth’s 
crust of inconsiderable thickness; while the second, which 
is the mathematical part of the inquiry, is, from the nature 
of its applications, suited to afford negative rather than 
positive results. Offering the charm which is afforded by 
sagacious combinations of thought,(*") it leads to problqns 
which, together with conjectures respecting the origin of 
yoleanic forces, and the reaction of the molten interior 
aguinst the solid outer shell, or crust, cannot remain altogether 
unnoticed. Plato's geognostic myth of the Pyriphlege- 
thon, (**) as the origin or fount of all hot springs and voleanic 
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fiery currents, hod its source in the early and generally felt 
desire of discovering a common cause for a great and com- 
plicated series of phmnomena. 

Viewing the variety of conditions which the surface of 
the earth presents in respect to the reception and absorption 
of tho solar rays, and to the facility with which heat radintes 
from the earth into space, as well as the yreat diversity in 
the conduction of heat by reason of the various compositian 
and density of different rocks, it’ is not a little wonderful 
that where observations have been made with care and under 
favourable circumstances, such (generally speaking) accordant 
results for the increase of temperature with increasing depth 
should have been obtained in such different localities. Borings, 
especially where they are filled with water rendered rather 
thick and muddy by the presence of clay, and thus less 
favourable to the generation of internal currents, and sup- 
posing there to be few lateral openings from whence affluents 
from cross-fissures at different heights could be received, 
present the greatest certainty; and on this account, os well 
as on necount of their great absolute depth, we will begin 
with the two most remarkable Artesian Wells,—that of 
Grenelle at Paris, and of Neu-Salzwerk in the Oeynhausen 
Soolbade, near Minden. I subjoin the most accurate deter- 
minations at both. 

According to the measurements of Walferdin,(™) to whose 
ingenuity we are indebted for a variety of delicate npparatus 
for determining temperatures st depths either of the sca or 
of wells, the floor of the Abattoir du Puits de Grenelle is 
86,24 above the sea. The highest lovel to which the 
water of the spring ascends is $3",33 higher. This total 
height to which the water rises above the level of the sea 
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(69,57) is in absolute elevation about 60 metres lower 
than the out-cropping of the green-sand stratum in the 
hills near Lusigny, south-east of Paris, to the infiltrations 
of which the ascent of the water in the Artesian Well of 
Grenelle is ascribed. The water was reached by the boring 
ata depth of 647™ (1683 Paris, or 1794 English, feet) below 
the floor of the Abattoir, or 1675 English feet below the level 
of the sen: the whole ascent of the water, therefore, is 
1903 English feet. The temperature of the spring is 
27°75 Cent, (81°95 Fabre.) The increase of temperature 
is in this case 1° of the Centigrade thermometer for every 
994 Paris fect, or 1° of Fahr. for 58°9 English fect. 

The height at which the boring commenced at Neu- 
Salzwerk, near Rehime, is 218 Paris feet above the level of 
the sea (7. e, above the Pegel at Amsterdam), and it reached 
an absolute depth of 2144 Paris feet below the paint at 
which the work began, The Sool-spring, therefore, which 
comes out impregnated with much carbonic acid, is 1926 
French, or 2053 English, feet below the level of the sea; a re- 
lative depth the greatest perhaps which has ever been reached 
by man, Its temperature is 32°8 Cent., or 91°04 Fahr.; 
and as the mean annual temperature of the air at Neu- 
Sulzwerk is about 9°6 Cent,, or 49°28 Fahr., we may infer 
an increase of temperature of 1° Cent. for 92°4 Paris, or 98°5 
English, fet, or of 1° Fahr. for 54°72 English feet. 

Tho boring of the well of Neu-Salzwerk,(*+) compared 
with that of Grenelle, has a greater absolate depth of 461 
French feet ; greater relative depth below the level of the 
sea of $54 French, or 377 English, fect; and the tempera. 
ture of its water is 5°1 Cent., or 9718 Fahr., higher, 
The increase of temperature is therefore nearly 
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less rapid at Puris, or st the rate of abont 7-1 French 
fect more for each centesimal degree. I have already 
noticed(**) that a very similar result was obtained by 
Auguste de la Rive and Marcet in a boring examined by 
them nt Bregny, near Geneva, having a depth of only 680 
French, or 724°7 English feet, although situated at more 
than 1600 English feet above the Mediterranean, 

Tf to the three wells which have been mentioned, which 
attain depths of from 680 to 2144 Paris, or 725 to 2285 
English, feet, we add that of Wearmouth, near Newcastle 
(being the pit waters of the cosl-mine in which, according to 
Phillips, men work at a depth of 1404 French, or 1496 
English, feet below the level of the sea), we find the remark. 
able result, that at four places so distant from each other, 
tho increase of temperature only varies between 91 and 99 
Paris feet for 1° Centigrade.(%*) Such an accordance 
cannot, however, from the nature of the means employed, 
be everywhere looked for in inquiries into the internal heat 
of the earth at given depths. Admitting that the meteoric 
water falling on heights, and penetrating by infiltration, 
produces by hydrostatic pressure, as in connected tubes, the 
ascent of springs at lower points; and that the subterranean 
waters assume the temperature of the strata with which they 
come into contact; they may nevertheless, in certain cases, 
have channels of communication with still deeper clefts, 
from whence they may receive accessions of still warmer 
water from unknown depths, Such an influence, which is 
to be altogether distinguished from different degrees of con- 
ducting power in the surrounding rocks, may take place at 
points very distant from the shaft or boring of the well, It 
is probable that the subterranean waters exist sometimes in 
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confined spaces, as in river-like fissures (and hence it often 
happens that, of several borings in near proximity to each 
other, only some are successful), while sometimes they may 
form basins of wide extent in a horizontal direction,—a dis- 
tribution very favourable for yielding supplies of water, and 
which only in very rare cases betrays an open communication 
with the surface of the earth by the presence of eels, shells, 
and vegetable remains. If from such causes as have been 
mentioned, ascending springs are sometimes warmer than 
might be anticipated from the small depth of the boring 
through which they rise, on the other hand an opposite 
effect is produced by colder waters flowing in laterally through 
openings from cross-fissures. 

Tt has been remarked already that the maxima and minima 
of the variations of atmospheric temperature, occasioned by 
the height of the sun at the different hours of the day and 
seasons of the year, reach points situated in the same vertical 
line, at small depths below the surface, at very different 
times. According to the always very exact observations of 
Quételet,(37) the diurnal varintions cease to be sensible at 
Brussels at the smnall depth of 3°8 French feet ; and in respect 
to annual variations, a thermometer placed 24 French, or 
25°6 English, feet below the surface at Brussels, did not show 
the maximum of temperature during the year until the 10th 
of December, and the minimum until the 15th of June. 
Also, in the fine series of experiments made by Forbes in the 
vicinity of Edinburgh, on the conducting power of different 
kinds of rock, the maximum temperature in the basaltic trap 
of Calton Hill was observed to take place on the Sth of 
Tanunry, at a depth of 23 feet.(88) According to Arago’s 
series of many years’ observations in the garden of the 





AND ITS DISTRIBUTION. 3 


Observatory at Paris, only very slight differences of tempe- 
ratare are discernible at 28 Paris, or 30 English, feet below 
the surface. Bravais still found a difference of 1° Cent. 
(1°-8 Fahr.) at a depth of 264 French feet in the high North, 
at Bossekop in Finmarken, lat. 69°58’. The difference be- 
tween the maximum and minimum temperatures of the year 
becomes rapidly less as we descend; diminishing, according 
to Fourier, in geometrical, as the depth increases in arith- 
metical, progression. 

In reality, however, the depth of the “invariable stra- 
tum” below the surface, or the depth at which no sensible 
change of temperature takes place, is not everywhere the 
same. It depends on the latitude of the place, on the heat- 
conducting power of the rock, and on the amount of 
difference between the temperatures of the hottest and coldest 
seasons. In the latitude of Paris (48°50’), the observa- 
tions in the “Caves de l’Observatoire” give 86 Paris feet, 
or 92 English feet as the depth, and 11°-834 Cent., or 
53°-3 Fahr., as the temperature of the “ invariable stratum.” 
Since Cassini and Legentil in 1783 fixed a very exact 
mercurial thermometer in those subterranean spaces which 
are parts of ancient stone-quarries, the mercury has risen 
0°22 (Cent.) in the tube.(39) It is still doubtful whether 
this rise is caused by an accidental alteration in the thermo- 
meter scale, (which, however, was very carefully verified by 
Arago in 1817), or whether it is to be ascribed to a real 
increase of temperature. The mean temperature of the air 
at Paris is 10°-822 Cent., or 51°48 Fahr. Bravais believes 
the thermometer in the Caves de I’Observatoire to be below 
the invariable stratum ; although Cassini considered he had 
found a difference of two-hundredths of a centesimal degree 
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between the winter and summer temperatures, (#) the winter 
temperature being the higher. If we take the mean of many 
observations of temperature at and below the surface of the 
ground between the parallels of Zurich (lat. 47°22’) and 
Upsala (lat, 59° 51’), we find a mean increase of 1° Cent. for 
the depth of 674 French, or 72 English, feet. The diffe. 
rences due to latitude are not more than from about 13 to 16 
English feet, and do not show any regular systematic varia+ 
tion from south to north; probably because the undoubtedly 
existing effect of latitude is at present inextricably blended 
with the influence of the varying heat-conducting powers of 
the different rocks, and with errors of observation. 

As, according to the theory of the distribution of heat, the 
underground stratum in which we begin to find no difference 
of temperature in the course of the annual cycle, is so much 
the less deep beneath the surface as the maxima and minima 
of temperature in the year are less distant from each other, 
my friend Boussingault was led by this consideration to the 
ingenious aud convenient method of determining the mean 
temperature of places within the tropics (more particularly 
within 10° on cither side of the equator) by observing a 
thermometer buried about a foot deep within a well-covered 
space. At the most different hours, and even in different 
months, (as is shown by the experiments of Colonel Hall 
near the sea-shore of Choco, in Tumaco ; those of Salaza at 
Quito; and those of Boussinguult in the Vega de Zupia, at 
Marmato, and Anserma Nuevo in the Ouuca Valley), the 
temperature did not vary two-tenths of a centesimal degree 
(0°36 Fahr.), and was identical within almost the same 
limits with the mean atmospheric temperature at plices 
where the latter had been derived from hourly observations. 
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It is well deserving of notice that this agreement remained 
the same whether the “thermometric soundings” of only 
one foot were made on the hot shores of the Pucific at 
Guayaquil and Payta, or st an Indian village on the side of 
the Voleano of Purace, the height of which ubove the level 
of the sea I found by barometric measuremenis to be 1856 
toises (or 8671 English fect), The mean temperatures 
differed at these different elevations fully 14° Cent, (25°2 
Fuhr.) (#) 

Two observations made by myself in the mountains of 
Pern and Mexico, are, I think, deserving of particular atten- 
tion, becausc made in mines situated at elevations higher 
than the summit of the Peak of Teneriffe ; and higher, I 
believe, than any mines into which thermometer has yet 
been taken. ‘Thirteen thousand fect above the level of the 
sea, I found the subterranean sir 14° Cent. warmer than 
the external air, The little town of Micuipampa,(**) in 
Peru, is situated, according to my determinations of its 
geographical position and elevation, in 6°43" S. latitude, 
and ata height of 1857 toises (11875 English feet) above 
the ses, at the foot of the Cerro de Gualgayoc, celebrated for 
its mineral (silver) wealth. The summit of this almost 1s0- 
lated, castle-like, and picturesque mountain is 240 toises 
above the pavement of the street of Micuipampa. The 
temperature of the external air ata proper distance from 
the entrance of the Mina del Purgatorio was 5°7 Cent. 
(42°26 Fuhr.) ; bat everywhere in the interior (at a height 
of about 2057 toives, or 15153 English fect above the sea) I 
saw the thermometer show 19%8, being « difference of 
1471 Cent,, or 25%4 Fohr, The limestone rock wag 
perfectly dry, and there were very few miners at work. In 
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the Mina de Guadalupe, which is at the same elevation, I 
found the internal temperature 14°4 Cent. (57°9 Fuhr.), 
the difference from the external air being therefore 8°7, or 
15°8 Fahr. The waters which were streaming down in this 
very wet mine showed 11°3 Cent. (52°3 Fahr.) The 
mean annual temperature of the sir at Micuipampa is 
probably not above 74° Cent., or 454° Puhr. In Mexico, 
in the rich silver mines of Guanaxuato, I found at the 
Mina de Valenciana(**) the temperature of the external air 
near Tiro Nuevo (7122 Paris, or 7590 English, feet above 
the sea) 21°2 Cent., or 70°16 Fahr.; and the airin the 
deepest part of the mine, in the Planes de Son Bernardo 
(1640 English feet below the opening of the shaft of Tiro 
Nuevo), fully 27° Cent., or 80°5 Fahr., which is about 
the mean temperature of the shore of the Gulf of Mexico. 
In a part of the mine situated 147 fect higher than the floor 
of the Planes de San Bernardo, there bursts out from the 
rock 2 spring of water of the temperature of 29°3 Cent,, 
or 84°74 Fabr. The mountain town of Guanaxuato, 
situated, according to my determination, in 21° N, lat., 
has a mean temperature falling, approximately, somewhere 
between 15°8 and 16%2 Cent., (60°44 and 61°16 Fabr.) 
It would be unsuitable to enter here into conjectures, diffi- 
eult to establish on any very certain grounds, as to the 
eauses, possibly of very local inflaence, which thus raise 
the temperature of subterranean spaces, in ranges of moun- 
tains from six to thirteen thousand feet high. 

A remarkable contrast to the above is presented by 
the circumstances of the ground-ice in the steppes of 
Northern Asia, Even the existence of this phenomenon 
was formerly doubted, notwithstanding the testimony early 
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given by Gmelin and Pallas concerning it. It is only very 
recently, that, through the excellent investigations of Erman, 
respecting the extent and thickness of this stratum of sub- 
terranean ice. From the descriptions of Greenland by 
Crantz, of Spitzbergen by Martens and Phipps, and of the 
shores of the Sea of Kara by Sujelf, an incautious genera 
lisation had represented the whole northern part of Siberia 
ans destitute of vegetation, and with a constantly frozen and 
snow-covered surface, even inthe plains. The extreme limit 
of the growth of high forest-trees in Northern Asia is not 
the parallel of 67° latitude, as was Jong assumed, and as 
is actually the case near Obdorsk, owing to the influence of 
sea-winds and the vicinity of the Gulf of Obi. ‘The valley of 
the great river Lena has lofty trees up to the latitude of 
71°. In the desert islands of New Siberia large herds of 
reindeer snd countless lemmings still find sufficient vegetable 
sustenance(**). The two Siberian journcys of Middendorff, 
a traveller eminent for the spirit of observation as well as for 
boldness of enterprise and perseverance in laborious re- 
search, were made from 1843 to 1846, and were directed 
northwards, into the luymir country, to nenrly 76° N. lat. 5 
and to the south-east as faras the upper Amour and the 
Sea of Ochoek. ‘The first of these adventurous journeys led 
the learned traveller into a previously wholly unvisited region, 
the more important and interesting because situated at an 
equal distance from the cast and west ooasts of the old 
continent, The instractions of the Petersburg Academy 
of Sciences, commended to him as a leading object of his 
expedition (in conjunction with the limits of the various 
forms of organic life towards the high north, depending 
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principally on climatic relations), the accurate determina- 
tion of the temperature of the soil, and the thickness of the 
subterranean or ground-ice. He accordingly examined the 
latter questions by means of borings and excavations from 
21 to 61 feet deep, at more than twelve points (at Tura- 
chansk, on the Jenisei, and on the Lena), at distances of 
from 1600 to 2000 geographical miles apart. 

‘The most important point, however, for geothermie obser- 
vations, was the Schergin Shaft(*) at Inkutzk (lat. 62° 2’), 
where the subterranean icy stratum has been pierced for a 
thickness of more than 382 English feet. ‘Thermometers 
have been inserted in the side walls of the shaft, at 
eleven points situated vertically in respect to each other, 
between the surface of the earth and the deepest part of 
the shaft reached in 1837, The observer, in descend- 
ing, had to read the thermometer scales standing in a 
bucket, and holding by one hand to the rope. The series 
of observations, of which the mean error is estimated at only 
0°25 Cent., or 0°45 Pahr., extended over the interval 
from April 1844 to June 1846, The decrease of cold was 
not indeed always in proportion to the depth at each of the 
separate points, but on the average the increase of tempera- 
ture with increasing depth was found as follows :— 


Engl. Feet. Réaumur, Fahrenheit. 


50, . —6°61 17-18 
100, oa h22 20:25 
150. 464 21:56 
200, + —3:88 23-27 
250, + 334 24°49 
382. + 240 26°60 
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By a thorough discussion of all the observations, Mid- 
dendorff obtained, as the general rate of increase of 
temperature,(*) 1° of Réanmur for between 100 and 
117 English feet, or 1° Fahr, for from 444 to 52*1 
English feet, This is a more rapid rate of increase than 
is given by several very accordant results from different 
excavations in Middle Europe (see above, p. $7). The 
mean annual temperature of Takutzk is considered to 
be —8713 Réaum., or 13°71 Fahr. Neverofl’s observa- 
tions, continued doring fifteen years (1829—1844), give 
the variation of temperature between winter and summer 
so great, that sometimes the temperature of the air, for 
14 successive days in July and August, is from 20° to 
23°4 Réaum., or from 77° to $4°6 Fahr.; while for 
120 successive days in winter (November to February) 
the cold fluctuates between —88° and —44°8 Réaum., 
or —42°25 and —68°8 Fohr. The depth beneath 
the surface of the earth nt which the lower limit of the 
frozen ground, or the temperature of 0° Réaum. and Cent., 
or $2°Fahr,, would be met with, is calculated approxi- 
mately from the increase of temperature found in piercing 
the icy stratum so far as has yet been done. Middendorff's 
estimate, from his observations in the Schergin Shaft, in 
sccordance with the much earlier one of Erman, assigns from 
612 to 642 French, or 652 to 684 English, fect. On the 
other hand, the increase of temperature in the excavations 
of Mangan, Schiloff, and Davydoff (scarcely four miles 
from Inkutzk, in the chain of hills on the left bank of 
the Lena), which, however, are not quite sixty fect deep, 
would place the temperature of 0° (or 32° Fahr.), at a 
depth of little more than 300 feet.(47) Is this great 
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difference in the two situations more than secidental? 
A numerical determination depending on such inconsiderable 
depths must be regurded as exceedingly cucertain, and the 
increase of temperature may not always follow a uniform 
law. Ought we to infer that if a gallery were to be driven 
horizontally for many hundred fathoms from the lowest 
depth of the Schergin Shaft, it would encounter everywhere, 
and in every direction, frozen earth, and that with a tempe- 
rature of —2%5 Cent. below 32°? 

Schrenk has examined the ground-ice in 674° lat. in the 
Samoied country, at Pustoienskoy Gorodok. In this case 
the sinking of the well was aided by the application of fire, 
In the middle of snmmer the frozen stratum was encountered 
at a depth of little more than 5 fect ; it was followed through 
a thickness of 67 feet, when the work was suddenly stopped. 
The neighbouring lake of Ustie continued to be frozen over 
and passable by sledges throughout the summer of 1813.(#8) 
On my Siberian expedition with Elrenberg and Gustav 
Rose, we hada hole dug in the boggy or turfy soil near 
Bogoslowzk (Int. 59° 44’) on the road to the Turjin Mine(*®) 
in the Oural Mountains. At a depth of about 54 feet, we 
came upon pieces of ice forming a kind of breccia with 
frozen earth; then solid ice, which continued to the depth 
of 10 or 11 feet farther, at which we left off. 

‘The geographical extent of the ground- or subterranean- 
ice,—i. ¢. the position and course of the sonthern limit, in 
the old continent from Scandinavia to the eastern coast o. 
Asia, at which we begin to find in August, and throughout 
the year, ice or frozen earth at a certain depth, is, according 
to Middendorff’s sagacious generalisations from observation, 
like all other geothermic relations, often more depen- 





AND ITS DISTRIBUTION. 47 


dent on local circumstances than on the temperature of the 
atmosphere, No doubt the latter has on the whole the most 
determining influence; but yet, as Kupffer has already 
remarked, the isogeothermal lines are not parallel in their 
concave and convex inflections to the climatic isothermals 
which sre given, by the mean atmospheric temperature. The 
amount of rain, and the depth to which it penetrates, the 
ascent of warm springs from depths, and the very various 
conducting power of the soil,(°) all appear to be particalarly 
influential, “At the northernmost point of Europe, in Fin- 
marken, in 70° and 71° lnt., there is no connected ‘ground- 
ice? Proceeding eastward to the valley of the Obi, 
we find the ground-ice st Obdorsk and Beresow 5° wore 
southerly than the North Cape. The cold of the ground 
continues to increase ss we advance eastward, with the ex- 
ception of Tobolsk on the Irtish, where the temperature of 
the ground is lower than at Witimsk in the valley of the 
Lena, which is 1° more to the north. At Turuchansk 
(65° 54 lat.) the ground is still not frozen, but the limit 
at which the ground-ice begins is very near. At Amginsk, 
south-east of Iskutzk, the ground is as cold as at Obdorsk, 
5° further to the north; so also ut Oleminsk on the 
Tenisei. Prom the Obi to the Tenisei, the curve which 
bounds the ground-ice appears to rise 2° of Istitude more 
towards the north; and then to re-descend, to cross the 
valley of the Lena, almost 8° south of the parallel in which 
it crosses the Ienisei. Further to the cast the line re-ascends 
towards the north.”(*') Kupéfer, who has visited the mines 
of Nertschinsk, has pointed out, that apart from the great 
connected region of the ground-ice, the same phenomenon 
ocours more to the south in detached patches, or, as it were, 
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in an insular manner. It is quite independent, generally 
speaking, of the limits of vegetation and of the presence of 
high trees. 

‘The gradual acquirement of a true general or cosmical 
view of the thermal relations of the crast of the earth in 
the northern parts of the old continent, is an important 
step in the progress of knowledge, as is the recognition that 
the limit of the ground-ice, as well ss the limits of particular 
mean annual temperatures, and of the growth of trees, are 
found in very different latitudes in different meridians, —a 
fact which must occasion the production of perpetual thermal 
currents in the interior of the earth. In the north-west 
of America, Franklin found the ground frozen in the 
middle of August, at a depth of 17 inches, Ata more 
easterly part of the coast, in 71° 12’ latitude, Richardson 
saw in July the ice-stratum thawed as far down as three feet 
below the herb-covered surface. It is to be desired that 
scientific travellers may soon obtain for us a more general 
knowledge of the geothermic relations subsisting in this part 
of the world and in the southern hemisphere, Research 
into the connection of phenomena leads us most surely to 
the recognition of the causes of apparently complex or 
anomalous facts, or of what is sometimes too hastily called 


irregularity. 





y Magnetic Activity of the Earth im its three 
manifestations of Force, Inclination, and Declina- 
tion—Points (termed Magnetic Poles) at which the 
Inclination is 90°—Line on which no Inclination ix 
observed (Magnetic Equator) — Four Points of greatest, 
but unequal, Intensity of the Magnetic Foree—Cerve 
or Line of the weakest Magnetic Foree—Estraoe- 
dinary Disturbances of the Declination (Magnetic 
Storms)—Polar Light. 


(Extension of the Representation of Nature, in Kosmos, 
Ba. i. S. 184—208, and 427—442, Anm. 11—49; 
Ba. ii, S.372—376, and 515, Anm. 69—74; Bd. iti. 
8. 399—401; und 419, Anm. 30: Engl. Vol. i. p. 
167—189, and 407—424, Notes 141—179; Vol. ii. 
p. 331—335, and exix., Notes 509—514, bis; Vol. iii. 
p- 289—290, and civ., Note 489.) 


‘The magnetic constitution of our planet can only be inferred 
from those manifestations of its magnetic force which pre- 
sent measurable relations in reference either to place or 
time. These. manifestations are characterised by perpetual 
variability in the pho-nomena which they present, and this 
ins far higher degree than such other variable phenomena 
as the temperature, aqueous vapour, and electric tension of 
the lower strata of the atmosphere. The continual changes 
which take place in the kindred magnetic and electric con- 
ditions of mutter, form an essential distinction betweea the 
pbinnomena of electro-magnetism, and those which depend 
ou that primary, fundamental force of molecular and mass- 
nitraction of all matter, which, st unchanged distances, 
YOU. Iv. D 
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remains ever the same. The investigation of the dominion 
of law amidst variability, is itself the proximate object, or 
the goal immediately aimed at, in every investigation into a 
force in nature, While the labours of Coulomb and Arago 
have demonstrated that the electro-magnetic process can be 
elicited in the most various substances, Faraday’s brilliant 
discovery of diamagnetism, on the other hand, shows us 
here also, in the distinction of north and south axiality in 
one class of substances, and east and west axislity in 
others, that influence of the diversity or heterogeneity of 
substances of which molecular or mass-nttraction is wholly 
independent. Oxygen gas, enelosed in a thin glass tube, 
when placed under the action of a magnet in its vicinity, 
assumes “ paramagnetically” a north and south direction, 
like iron; nitrogen, hydrogen, and carbonic acid gas, 
remain unaffected; while phosphorus, leather, and wood, 
under the same circumstances, range themselves “dia- 
magnetically,” #,¢. in an equatorial or east and west 
direction. 

‘The facts known in Greck and Roman antiquity were: 
the adhesion of iron to the loadstone; magnetic attraction 
and repulsion; the propagation of the attracting influence 
through iron vessels, and also through rings(**) forming 
links ina chain (one ring being in contact with the lond- 
stone); and the non-attraction of wood, or of other metals 
than iron. Of the polar directive force which magnetism 
could impart to a body susceptible of its influence, the 
early western nations (Plienicians, Etruscans, Greeks and 
Romans) knew nothing. It is not until the 11th and 12th 
centurics of oar era that we find among the European 
nations any knowledge existing of this “ directive force,” 
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which has exerted so powerful an influence on the improve- 
ment and extension of navigation, and, in consequence of 
the practical and material services which it has thus rendered, 
has given so persistent an impulse to the study of an all- 
pervading, yet formerly little regarded, natural force. In 
the history of the principal epochs in the Physical Contem- 
plation of the Universo,(5%) the subject of the earth’s 
magnetism, which we now bring under one general view, 
assigning the several sources or authorities from whence the 
information is derived, fell under several different chrono- 
logical leads, and was there divided among different 
sections. 

Ie is among the Chinese that we find the first application 
of the magnetic directive force to practical purposes by the 
employment of magnetised needles floating on water, which 
goes back to au epoch anterior perhaps to that of the 
Doric migration and the return of the Heraclides to the 
Peloponnesus, It is remarkable that in this part of Asia 
the use of needles, the south end of which was the one dis- 
tinguished, as with us the north, commenced in land journeys 
before their employment in sea navigation. Instead of a 
ship's compass they used a magnetic car, on the front part 
of which u floating needle carried a little figure, whose out- 
stretched arm and hand pointed to the sooth. Such an 
apparatus, Fec-nan (indicator of the south), was presented, 
under the dynasty of the Tscheu, 1100 years before our era, 
to the ambassadors from Tunkin and Cochin-china, to 
guide them across the great plains on their return from 
China to their own country. The magnetic car continued 
to be used as Inte as the 15th century.(*) Many such 
fnatrnments were kept in the Emperor's palace, and it 
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was also customary to use them in determining the direction 
of the walls when building Budhistic convents, Their 
frequent employment led some of the more acute thinkers to 
form physical speculations respecting the nature of the 
magnetic phenomena. The Chinese panegyrist of the 
magnetic needle, Kuopho, a contemporary of Constantine 
the Great, compared the attractive force of the magnet 
to that of rubbed amber. “It is,” he says, “as if a 
mysterious breath passed through both, communicating 
itself with the swiftness of an arrow.” The symbolical 
expression of “s breath’ reminds us of the equally 
symbolical expressions used in Grecian antiquity by 
the founder of the Tonic school, Thales, in reference 
both to the magnetic stone and to amber, which were 
said to be “ animated,” orimbued with a “soul” or“ spirit,” 
meaning evidently an indwelling principle of motive 
activity. (64) 

As the too great mobility of these Chinese floating 
needles was found inconvenient, they were replaced in 
the beginning of the 12th century by a different con- 
struction, in which the needle was suspended freely in 
the sir by a cotton or silken thread, quite in the manner 
of the “Coulomb” suspension, which was first employed in 
Europe by Gilbert. With this improved spparatus,(%) 
the Chinese even determined early in the 12th century 
the amount of the west declination, which sppears to 
undergo only very slow and minute changes in that part 
of Asia. At length the compass came to be emplayed st 
sea as well as on land. Under the dynasty of Tsin, in the 
4th centary, Chinese ships guided by compasses visited the 
ports of India and the eastern coast of Africa, 
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Mareo Polo began his travels in 1271, and returned in 
1295, the evidence of Guyot de Provins and Jaques de 
Vitry shows that the compass was used in European naviga- 
tion at least sixty or seventy years before the commencement 
of his travels. The nomes of Aphron and Zohron, given to 
the north ond south poles of the needle by Vicentius of 
Beanvais in his “ Mirror of Nature” (1254), indicate that 
Arab pilots were the channel through which the nations of 
Europe received the Chinese compass, being obviously 
derived from that learned, ingenious, and nective race, 
traces of whose language are so frequent in our star-maps, 
though appearing there too often in « mutilated form. 

From all these circumstances, there can be no doubt that 
the general employment of the magnetic needle in ocean 
navigation by the Europeans from the 12th century, (and 
in u limited degree probably still earlier), proceeded from 
the Mediterranean and its shores, and took ploce chiefly 
through the agency of Moors, Genoese, Venetians, Major- 
cans, and Catalans. Catalan sailors, under the conduct of 
the celebrated navigator, Don Jaime Ferrer, advanced in 
1346 to the mouth of the Rio de Ouro, 28°40’ N. latitude, 
on the west coast of Africa; and from the evidence of 
Raymund Lully (in his nautical work, Fenix de las Mara- 
villas del Orbe, 1286), it appears that long before Jaime 
Ferrer, the Barcslonese used sea-charts, astrolabes, and sea- 
compasses, 

The knowledge of the existence of a greater or les 
amount of magnetic declination (its carly name was simply 
“variation,” without any adjunct) had naturally been 
also diffused over the Mediterranean, by report from China, 
through the medium of Indian, Malay, and Arab mariners. 








tation, The “mya,” on which the “agujas de marear” 
point direct to the pole-star, became the boundary line 
between the crowns of Castile and Portugal by virtue of a 
Papal decree, whoee arrogance proved of great and lasting, 
though undesigned and unforescen, benefit to the enlarge- 
ment of nautical astronomy and the improvement of mag- 
netic instruments, in consequence of the importance which 
naturally attached to determining, with astronomical accuracy, 
the geographical longitude of such a boundary on both sides 
of the equator, (Humboldt, Examen critique de la Géogr. 
T. iii. p. 54.) Felipe Guillen, of Seville (1525), and, at a 
still earlier period, probably the cosmographer Alonso de 
Santa Cruz, teacher of mathematics to the young Emperor 
Charles V., constructed new “variation compasses,” with 
which solar altitudes could be taken. In 1530—a century 
and a half, therefore, before Halley—the same Alonso 
de Santa Croz drew the first general “variation map,” 
founded, it must be admitted, on very imperfect materials, 
‘The voyage of Juan Jayme, who sailed from the Philippines 
to Acapulco with Francisco Gali in 1585, solely for the 
purpose of trying, during the long passage across the Pacific, 
a new declination instrument which he had invented, shows 
how animated an impulse had been given in the 16th 
century, and after the death of Columbus, to the study of 
terrestrial magnetism, by the controversy respecting the 
Papal ‘line of demarcation.” 

‘This disposition to pursue observation could not but be 
accompanied by its unfailing attendant,—if not, as is still 
eit es bat its precursor,—a fondness for theoretical 

0 Many of the old sea-stories of the Indians, 





as well as of the Arabs, speak of rocky islands which canse 
Gsasters to mariners, either by drawing out, by virtue of 
their natural magnetic power, all the iron which held the 
wooden framework of the ship together, or by attracting 
sed immovably enchsining it. Under the influence of 
sech imaginations, the ides of the polar conjunction of all 
the lines of declination had associated with it, in carly times, 
the more material image of a high magnetic mountain, in 
Sear proximily to one of the poles of the earth. In the 
remarkable map of the new continent, sppended to the 
Boman edition of 1508 of Ptolemy's Geography, we find 
to the north of Greenland (Gruentlant), which is repre- 
seuted as belonging to the eastern part of Asis, the north 
magnetic pole figured s¢ 2 mountainous island rising 
eatof the sea. Its position was gradually removed farther 
to the south in the “Breve Compendio de la Sphera’”” of 
Martin Cortez, in 1545, as well as in Livio Sanuto’s 
“Geographis de Tolomeo,” in 1588. Great expectations 
were atinched to reaching this point, which was termed “el 
calemition;” and from some notion, which was very late 
in disappearing, it was supposed that whoever should reach 
the magnetic pole would find “ alcan miraculoso stupendo 
efixtto.” 

Until near the end of the lth century, the magnetic 
declination, which is the element exercising the most direct 
infleence on the requirements of navigation, was the only 
ove which received sttention. Instead of the one “line of 
20 variation,” found by Columbus in 1492, the learned 
Jesuit Acosta, in 1589, thought, from the inforination which 
be bad gathered from Portuguese seamen, that he could state, 
im bis excellent work, “ Historia natural de las Indias,” the 

v2 
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neta suolitines. As a ship's reckoning requires 
)) Oe! Sunwwledge off the distance passed over, as well as 
1 ‘ie expel digestion of the course (given by the angle mea- 
viral Sy the corrected compass), the introduction of the 
wo ol the “log,” imperfect os this kind of measurement is 
‘ove ob the, present day, was yet an important epoch in the 
‘vetugeof wavigution, I think I have proved, contrary to 
\e poweailing opinion hitherto, that the first certain evi- 
donco(*) of the employment of the log (la cadena de la 
joy, ta corredera) is to be found in Antonio Pigufetta’s 
ship's journal in Magellan's voyage, in an entry appertaining 
to the month of January, 1522. Columbus, Juan de la 
Gom, Sebastian Cabot, and Vasco de Gama, were all un- 
Wequainted with the log and its applications. They 
timated the ship’s rate of movement by the eye slone, 
wad judged of the distance passed over by “ hour glasses,” 
i. ¢. by the running-ont of sand in the “ampolletas.” At 
length, in 1576, in addition to the horizontal decliustion 
from the geographical north, which had been so long ex- 
clusively regarded, the second clement, the inclination, or 
dip of the needle below the horizontal line, came also to 
tw measured. Robert Norman, the first who determined 
it, did s0 in London with an instrament of his own inven- 
tion, and with no inconsiderable degree of accuracy. Fully 
two centuries more elapsed before any attempt was made to 
measure the third clement, viz. the intensity of the earth's 
magnetic force, 

A mn whom Galiloo admired, although Bacon altogether 
overlooked his merijs, William Gilbert, brought forward, 
at the ond of the 16th century, the first enlarged and 
oomprohenrive view(") of the carth’s magnetism. He first 





distinguished clearly between magnetism and electricity in 
respect to their effects, while he yet regarded both as 
emanations of « single fundamental force inherent in all 
matter. As is the privilege of genius, from feeble ana- 
logies he successfully divined much. From the clear con- 
ceptions which he formed of terrestrial magnetism (de 
magno magnete tellure), he even at that time correctly 
ascribed the origin of magnetic poles in the upright iron 
bars of crosses on old church-towers, to impartation from 
the magnetism of the carth. He was the first in Europe 
who showed how to renderiron magnetic by rubbing it with 
the loadstone, which indecd the Chinese had known and 
practised almost 500 yeurs before.() Gilbert also already 
gave steel the preference over soft iron, because capable of 
opproprinting to itself and retaining more permanently the 
magnetic force imparted to it. 

In tho course of the 17th century, the navigation of 
the Dutch, English, Sponiards, and French (which had 20 
greatly increased in extent through the improvement in the 
means of determining the direction of a ship’s course, and the 
Jength or amount of distance traversed by her), augmented 
the knowledge already possessed of different isogonic lines, 
and more particularly of the lines of no declination, which, 
as already mentioned, Acosta had attempted to form into » 
systewn.(®) In 1616, Cornelius Schouten pointed out in 
tho middle of tho Pacific Ocean, near the Marquesss, places 
where the needle had no variation, We still find in this 
region = singular “closed” system of isogonic lines, within 
which the declination changes in amount in succeative con. 
centric curves.(%) ‘The eagerness to discover new methods 
of determining the longitude, for which it was thought not 
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only that the declination, but slso that the inclination, of 
the magnetic needle might be made available,—{such a use 
of the inclination, with a clouded starless sky, “per aére 
caliginoso,” Wright called “worth much gold,”) ()—led 
to the construction of many and various magnetic instru- 
ments, and stimulated the activity of observers, The Jesuit 
Cabeus of Ferrara, Ridley, Lientaud in 1668, and Henry 
Bond in 1676, distinguished themselves in this way. The 
controversy between Bond and Beckborrow, together with 
Acosta’s view of the existence of four lines of no declination 
dividing the entire surface of the globe into four parts, 
may, perhaps, have had some influence on Halley's theory 
of “four magnetic poles, or points of convergence,” pro- 
jected as early as 1683. 

Halley's name constitutes an important epoch in the 
history of terrestrial magnetism. Heassumed the existence 
in each hemisphere (northern and southern) of two mag- 
netic poles, a stronger and a weaker pole ; and we now find 
fn analogons distribution of the maynetic force in four 
points of maximum force, two in cach hemisphere, one 
stronger than the other, as shown by the rapidity of the 
vibrations performed by a needle oscillating in the direction 
of the magnetic meridian. The strongest of Halley’s four 
poles was placed in 70° S, lat. and 120° E. long. from 
Greenwich, or almost in the meridian of King George's 
Sound, in New Holland.(6*) oalley’s three voyages in 
1698, 1699, and 1702, followed the first sketch of his theory, 
which was founded only on the observations obtained on his 
voyage to St. Helenu seven years before, and on the 
imperfect variation (declination) observations of Baffin, 
Hudson, and Cornelius von Schouten, Halley’s expeditions 
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were the first undertaken by a government for a great 
scientific object, viz. for the investigation of an element 
of the earth’s force, on which the safety of navigation 
especially depends. He advanced as far as 52° S. lat, 
and was thus enabled to construct the first extensive 
variation- or declination-chart, which chart now supplies 
to the theoretical investigators of the 19th century a point 
of comparison, although not indeed a very remote one, for 
the representation of the progressive change of position of 
the declination lines. 

It was a happy undertaking of Halley’s to connect graphi- 
cally by lines or curves all the points on the map where the 
magnetic declination was the same.(*) Clearness of repre- 
sentation, and the advantage of gaining a general view of the 
connection of detached results, were thus first introduced. 
‘My isothermal lines, é. e. lines of equal temperature (mesa 
annual, summer, or winter temperatare), which have texn 
favourably received by physicists, were formed in strict 
analogy with Halley’s isogonic curves. The object of tie 
isothermal lines, especially since their great extensim ara 
improvement by Dove, has been to throw light «m tix 
distribution of temperature over the earth’s surface, snd om 
the dependence of that distribution in a great degre «m tee 
configuration, extent, and relative position of the pourtivan «4 
the surface occupied by land and water. Halivy’s prsriz 
scientific expeditions stand out as the sym raaieie, 
because they were not designed, like so many pubwz;wat 
expeditions undertaken at the public expen, we nays 
for geographical discovery, but were strivtly bn sriznlifiz 
research, Halley's stay at St. Helews in 1677 sad 167% 
had for its fruit, in addition to the date furmmied w tie 
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knowledge of terrestrial magnetism, an important eatalogue 
of southern stars, which it may be remarked, in passing, was 
the first star-catalogue undertaken since the combination of 
telescopes with measuring apparatus introduced by Morin 
and Gascoigne.(®) 

As the close of the 17th century had been marked by 
progress towards a better knowledge of the position of the 
declination lines, and by the first theoretical attempt to 
determine their points of convergence as magnetic poles, so 
the first half of the 18th century produced the discovery of 
the horary periodic variation of the declination. Graham, in 
London, in 1722, has the uncontested merit of being the 
first to observe these variations with accuracy and perseve- 
rance, Celsius and Hiorter, at Upsala, who were in episto- 
lary communication with Graham,(%) further enlarged the 
knowledge of the phenomena in question. It was not until 
the latter part of the century, in 1784—1788, that Brag- 
manns and Coulomb, the latter gifted with a more mathe. 
matical mind, penetrated more deeply into the essence 
of terrestrinl magnetism. Their acutely devised physical 
experiments embraced the magnetic attraction of all matter, 
the distribution of the force in a bar-magnet of a given 
form, and the law of magnetic action at a distance. In the 
methods adopted by them for obtaining exact results, they 
sometimes employed the vibrations of a horizontal needle 
suspended by a thread, and sometimes deflections measured 
by a torsion balance, 

Science is indebted for the first knowledge of the variation 
in the intensity of the earth’s magnetic force at different points 
of its surface, obtained by the vibration ofa needle suspended 
vertically and placed in the magnetic meridian, solely to the 





sagacity of the Chevalicr Borda, not by successful experi- 
ments made by himself personally, but by those suggested 
consequence of the influence which he perseveringly exercised 
on travellers nnd voyagers preparing for distant expeditions. 
His long-cherished conjectures were first confirmed by 
Lamanon, the companion of La Pérouse, in the years 
1785—1787. These observations, although their rerults 
had been made known s0 early as the summer of the last 
named year to the Secretary of the Académie dex Sciences, 
Condorcet, remained unnoticed and unpublished. The 
credit of the first, although on this sccoant incomplete, 
recognition of the important law of the variation of the mag- 
netic force with the magnetic latitude, belongs without 
dispute to the ill-fated expedition of La Pérouse,(*) the 
preparations for which were of the highest scientific merit ; 
but the law itself, I venture to believe, first became a living 
fact in science by the publication of my observations made 
from 1795 to 1804 in the south of France, in Spain, the 
Canaries, and the interior of tropical America north and 
south of the equator, and in the Atlantic and Pacific Occans. 
‘The scientific voyages of Le Gentil, Feuillée, and Lacaille,— 
the first utiempt to construct an inclination map, by Wilke 
in 1768,—and the memorable voyages of circumnuvigation of 
Bongninville, Cook, and Vancouver,—all deserve honorable 
mention for the data they afforded in respect to the previ 
ously much neglected clement of the inclination, so impor- 
tant for the establishment of the theory of terrestrial 
magnetism. The instruments employed were, indeed, of very 
unéqual merit, and the determinations (which, although 
widely distributed over the earth's surface, were generally 
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limited to the sea and to its immediate vicinity) were far 
from being contemporaneous. Towards the end of the 18th 
century, the observations of the declination made with 
better instruments, at fixed stations, by Cassini, Gilpin, and 
Beaufoy (1781 to 1790), showed more decidedly a periodical 
influence of hours and seasons, and gave a more animated 
and general impulse to magnetic research, 

In the 19th century, of which little more than the half 
has now elapsed, this branch of scientific inquiry has assumed 
4 peculiar character distinguishing it from all others, This 
character consists in an almost simultaneous advance of all 
parts of the study of terrestrial magnetism, in which physical 
discoveries relating to the elicitation and distribution of mag- 
netism, and the first and brilliant projection of a theory of ter- 
restrial magnetism based on strict mathematical reasoning, by 
Friedrich Gauss, have accompanied the unprecedented exten- 
sion of numerical determinations of all the magnetic elements, 
—the declination, inclination, and intensity of the force. 

‘The means which have led to this result have been -— 
the improvement of instruments and methods of observation > 
scientific naval expeditions, on a scale and in namber such 
as no previous century had witnessed, carefully equipped at 
the costs of the governments which sent them forth, and 
favoured by a happy choice of commanders and observers ; 
land journeys, penetrating far into the interior of continents ; 
and lastly, the establishment of s considerable number of 
fixed observatories, extending partially over both hemi- 
spheres, in corresponding north and south latitudes, and in 
almost antipodal longitudes. 

These magnetical and, nt the same time, meteorological 
observatories form a kind of net-work over the earth’s 
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Journal de Physique, T. lxix. 1804, p. 433, with the first 
sketch of a map of the intensity; Kosmos, Bd. i. S. 432, 
Anm. 29; Engl. ed. p. 416, Note 159). Subsequent ob- 
servations have shown that the minimum of intensity is not 
situated on the magnetic equator; and that the increase of 
force in either hemisphere does not extend to the magnetic 
pole. 

1805—1806. Gay-Lussac and Humboldt’s observations 
on the magnetic force in the South of France, Italy, Switzer- 
land, and Germany (Mémoires de la Société d’Arcueil, T, i, 
p. 1—22.) Compare therewith the observations of 
Quételet, 1830 and 1839, published in the Mém. de 
VAcadémie de Bruxelles, 'T. xiv., with a map of the hori- 
zontal magnetic force between Paris and Naples; Forbes’s 
observations in Germany, Flanders, and Italy, in 1832 and 
1837 (Transactions of the Royal Society of Edinburgh, 
Vol. xv. p. 27); the very exact observations of Rudberg in 
France, Germany, and Sweden, 1852; and the observations 
of Bache (Director of the Const-Survey of the United 
States), of inclination and force, at 21 stations in 1837 
and 1840. 

1806—1807. A long series of observations at Berlin 
on the horary variations of the declination, and on the 
recurrence of “magnetic storms,” (perturbations or dis- 
turbances), by Humboldt and Oltmanns, made chiefly at 
the solstices and equinoxes for five or six, or sometimes 
even nine, successive days and nights, with a Prony’s 
magnetic telescope reading to 7 or 8 scoonds of arc. 

1812. Statement by Morichini at Rome that unmagnetised 
steel needles became magnetic by contact with light (with 
the violet ray). On the long controversy occasioned by this 
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statement, and by Mary Somerville’s ingeniows experiments, 
down to the wholly negative results of Riess and Moser, 
see Sir David Brewster's Treatise on Magnetiom, 1537, 
p. 48. 

1815—1818, and 1823—1826. The two vorages of cix- 
camnavigation of Otho von Kotzebue; the first im the 
*Barik,’ the second in the ‘ Predprijatie,’ five years later. 

1817—1848. The series of great scientifée naval expedi- 
tions sent by the French government, and which have been 
so fruitfal in results contributing to the knowledge of terres- 
trial magnetiam ; beginning with Freycinet, in the ‘Ure 
nie,’ 1819—1820 ; followed by Duperrey, in the ‘ Coquille,” 
1822—1825 ; Bougainville, in the ‘Thetis,’ 1824—1826 ; 
Dumont d'Urville, in the ‘ Astrolabe,’ 1826—1529, and in 
the Antarctic Regions in the ‘ Zélée,” 15371540; Jules 
de Blosseville in India, 1828 (Herbert, Asiatic Researches, 
Vol. xviii. p. 4; Humboldt, Asie centrale, T. iii. p. 466), 
and in Iceland, 1888 (Lottin, Voyage de la Recherche, 
1836, p. 376—409); du Petit Thouars (with Tessan), in 
the ‘ Vénus’ 1887—1889 ; Le Vaillant, in the ‘ Bonite,’ 
1836—1837 ; the expedition of the Commission Scientifique 
du Nord (Lottin, Bravais, Martins, and Siljestrém) to 
Scandinavia, Lapland, the Feroe Islands, and Spitzbergen, 
in the corvette ‘Recherche,’ 1835—1840; Bérard, to the 
Gulf of Mexico and North America, 1638, and to the 
Cape of Good Hope and St. Helena in 1842 and 1846, 
(Sabine, in the Phil. Trans. for 1849, Pt. ii. p. 178): and 
Francis de Castelnau, Voyage dans les parties centrales de 
VAmérique du Sud, 1847—1850. 

1818—1853. The long series of important expeditions 
eent to the Arctic Seas by the British Government, to which 
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the first impulse was given by the praiseworthy zeal of John 
Barrow: Edward Sabine’s magnetical and astronomical 
observations in John Ross's Voyage to Davis Straits, Baffin’s 
Buy, and Lancaster Sound, 1818; andin Parry's Voyage (in 
the ‘Heela’ and ‘Griper’) through Barrow’s Straits to Melville 
Island, 1819—1820 ; Franklin, Richardson, and Back, 1819 
—1822; the same, 1825—1827 ; and Back alone, 1833— 
1845. (In the first of these lnst-named expeditions, almost the 
only food for several weeks wasa lichen, @yrophora pustu- 
lata, Tripe de Roche of the Canadian hunters, chemically exa- 
mined by John Stenhouse in the Phil. Trans. for 1849, Pt, ii. 
p. 398) ; Parry’s second expedition with Lyon, in the * Fury’ 
and ‘ Heela,’ 1821—1828 ; and third voyage with James 
Clark Ross, in 1824—1825; Parry’s fourth voyage (an at- 
tempt to reach the North Pole over the ice lo the north of 
Spitzbergen) with the same, and Lieutenants Foster and 
Crozier, 1827, when they reached lat. 82° 45’: Jolin Ross, 
with his distinguished nephew James Clark Ross (the ex- 
penses of this voyage, which proved go perilous from its 
long duration, 1829—1553, were defrayed by # private 
individual, Felix Booth); Dease and Simpson (of the 
Hudson’s Bay Company) 1838—1839; and recently, in the 
search for Sir John Franklin, the voyages of Austin, 
Ommaney, and Penny, 1850—1851. Of these, Penny 
advanced farthest to the north,—to lat. 77° 6’ in Victoria 
or Queen’s Channel, which opens from Welling\on Strait. 

1819—1821. Bellinghausen’s voyage in the Antarctic 
Sens. 

1819. The publication of the great work of Hansteen, 
Magnetismus der Erde, which had, however, been finished 
as early as 1813. This excellent work has exercised 





an unmistakable influence in the animation and better 
direction of researches in terrestrial magnetism. It was 
followed by Hansteen’s general maps of lines of equal 
inclination and equal force for a considerable portion of the 
earth's surface. 

1810. Observations of Admiral Roussin and Givry on the 
const of Brazil, between the mouths of the Amazon and the 
River Plate, 

1819—1820, Oersted’s great discovery of the fact that a 
conductor traversed by an electric current, forming a com- 
plete and continuous circuit, exercises, so long as the current 
continues, a definite influence on the direction of the mag- 
netic needle dependent on their relative position. The 
earliest extension of this discovery, as well as of those of the 
separation of the metals from the alkalies, and of double 
polarisation, the most brilliant of the discoveries of 
the age,() was Amgo’s observation that a connecting 
wire through which an electric current flows, though made 
of copper or platinum, attracts and retains iron filings like a 
magnet ; aud also, thnt needles placed inside a galvanic coil re- 
ceive opposite poles according as the turns of the coil are given 
an opposite direction (Annales de Chimie ct de Physique, 
‘'T. xv. p. 98). The discovery of these phenomena, which 
wore traced under a variety of circumstances, was followed 
by Ampére’s ingenious theoretical combinations on the 
reciprocal electro-magnetic actions of the molecules of pon- 
erable bodies. These combinations were supported by 
much new and ingeniously-devised apparatus, and led toa 
recognition of laws in many phenomena of magnetism which 
had previously appeared contradictory. 

1620—1824, Wrangel and Anjou’s journeys to the North 
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Const of Siberia and on the Iey Sea. (Important phano- 
mena of the Aurora Borealis: Th. ii. S. 259.) 

1820. Scoresby, Account of the Arctic Regions: 
(experiments on the magnetic force: -Vol. ii, p. 5837— 
B54.) 

1821. Secbeck’s discovery of thermo-mugnetism and 
thermo-electricity. The contact of two metals (first tried 
with bismuth and copper), or differences of temperature at 
the two points of contact of a metallic ring, are recognised 
as sources of excitement of magneto-electric currents. 

1821—1823. Weddell’s voyage in the Southern Polar 
Sea, to latitude 74° 15’ S. 

1822—1823. Sabine’s two important expeditions for the 
exact determination of the magnetic inclination and variations 
of the magnetic force, and of the length of the pendulum 
in different latitudes (west coast of Africa to the Equator, 
Brazil, Havanna, Greenland to latitude 74° 23’, Norway 
and Spitzbergen to latitude 79° 50’). This comprehensive 
work was published in 1824: (Account of Experiments to 
determine the Figure of the Earth, p. 460—509.) 

1824. Erikson’s magnetic observations on the shores of 
the Bultic. 

1825. Amgo discovered rotation-magnetism. This 
unexpected discovery was a consequence of his noticing, 
when at Greenwich, that the time required by a dipping 
needle, when sct in vibration, to come to rest, was influenced 
by neighbouring non-magnetic substances, In Arago's rota- 
tion experiments the vibrations of a needle were found to be 
affected by water, ice, glass, charcoal, and mercury.(?9) 

1825—1827. Boussingwult’s magnetic observations in 
different parts of South America (Marmato, Quito), 
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1826—1827. Keilhau’s observations of the magnetic 
force at twenty stations (in Finmarken, Spitzbergen, and 
Bear Island) ; and Keilhan and Boeck’s observations in 
in South Germany and Italy (Schum. Astr. Nachr. No. 
146.) 

1826—1829. Liitke’s Voyage of Circumnavigation. 
The magnetic part was drawn up with great care in 1834 
by Lenz. (See Partie nautique du Voyage, 1536.) 

1826—1830. Captain Philip Parker King’s obeervs- 
tions on the east and west coests of South America 
(Brazil, Monte Video, Straits of Magellan, Chiloe, and 
Valparaiso). 

1827—1889. Quételet, Etat du Magnétisme terrestre 
(Bruxelles) pendant douze années. Very exact obser- 
vations. 

1827. Sabine, Comparison of the relative intensity of 
the earth's magnetic force in Paris and in London. An 
analogous comparison of the force in Paris and at Christiania 
was made by Hansteen, 1825 and 1828 (British Asso- 
ciation Reports, 1837, p. 19—23). The numerous results 
of French, English, and Scandinavian travellers, on the in- 
tensity of the horizontal force, were first brought into nume- 
rical connection, so as to afford relative values, by means of 
these two comparisons, in which intercompared needles were 
vibrated at the three above-named places. The relative 
numbers found were: for Paris, 1-348 by me; for London, 
1-372 by Sabine ; and for Christiania, 1-423 by Hansteen. 
All are relative to the intensity of the earth's magnetic 
force at a point of the “ magnetic equator” (or line without 
inclination), where it intersects the Peravian Cordillera, 
between Micuipampa and Caxamarca in S. latitude 7° 2’, 


12 TERRESTRIAL MAGNETISM. 


and W. longitude 78° 46’, and where the intensity is taken 
as=1°000. It was to this point (Humboldt, Recueil 
d'Observ. astr., T. ii. 882—385; and Voyage aux 
Régions équinox. T. iii. p. 622) that for forty years the 
reductions in all tables of the force were referred as a basis 
(Gay-Lussac, in the Mém. de la Soc, d’Arcueil, T. i. 1807, 
p- 21; Hansteen iiber den Magnetismus den Erde, 1819, 
S. 71; Sabine, in the Report of the British Association at 
Liverpool, p. 43—58.) It has since been justly objected, 
that the point so taken as unity does not afford an appro- 
priate general standard, since the line of no inclination(?*) 
does not correspond with the points of weakest intensity 
in many meridians, and that no point on the earth's surface 
can be taken as a permanent unity, on account of secular 
change. (Sabine, in the Phil. Trans. for 1846, Part iii, 
p. 254; and in the Manual of Scientific Inquiry for the use 
of the British Navy, 1849, p. 17.) 

1828—1829. Hansteen and Due’s expedition to Siberia: 
magnetic observations in European Russia and Eastern 
Siberia, as far as Irkutzk. 

1828—1830, Adolph Erman’s journey through Northern 
Asia, and voyages in the Pacific and Atlantic Oceans in 
the Russian frigate Krotkoi. The identity of the instra- 
ments used, the employment of the same or similar methods 
throughout, the exactness of the astronomical determinations 
of geographical position, and the whole of the observations 
being made by the same thoroughly informed and practised 
observer, returning to the same point after having gone 
round the globe, are all circumstances which combine in 
assigning a high value to this enterprise, executed at 
private expense, (See the General Map of the Declination, 
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founded on Erman’s observations, in the Report cf the 
Committee of Physics of the Royal Society on the occasion 
of the Antarctic Expedition, 1840, Plate iti.) 

1828—1829. Humboldt’s continuation of the observa- 
tions at the solstices and equinoxes with a Gambey’s needle 
on horary variation and extraordinary perturbations, begun 
in 1800 and 1807 in a magnetic house built expressly 
for the purpose at Berlin. Corresponding determinations 
made at Petersburg, Nikolsjeff, and in the mines at 
Freiberg, by Professor Reich, at 216 feet below the surface. 
Dove and Riess continued these observations until Nov. 
1880, including both declination and intensity of the hori- 
zontal force. (Poggend. Annalen, Bd. xv. 8. 318—336 ; 
Bd. xix. S. 375—891, with 16 Tables ; Bd. xx. 8. 545— 
555.) 

1829—1834. The botanist David Douglas, who was 
killed at Owyhee by falling into a pit into which a wild bull 
had previously fallen, made a fine series of magnetic obser- 
vations on the north-west coast of America and in the 
Sandwich Islands, including one station on the edge of the 
crater of Kiraueah (Sabine, at the British Association 
Meeting at Liverpool, p. 27—382). 

1829. Kupffer, Voyage au Mont Elbrouz dans le Cau- 
case (p. 68 and 115). 

1829. Humboldt, observations on terrestrial magnetism, 
together with astronomical determinations of geographical 
position, on a journey by command of the Emperor Nicholas 
in Northern Asia, from the long. of 11° 9’ to that of 
80° 12’ east of Paris, near Lake Dzaisan, and from the lat. 
of 45° 43’ (in the Island of Birutschicassa in the Caspian) to 

VOL. tv. E 


4 ‘TERRESTRIAL MAGNETISM. 


58° 52° in the northern partof the Oural Mountains at 
Werchoturie. (Asie centrale, T. iii. p. 440—478.) 

1829. The Imperial Academy of Sciences at St. Peters- 
burg consented to my proposition for the establishment of 
magnetical and meteorological stations in the most. varied 
climatic zones of the Russian dominions in Europe and 
Asia, and for the erection of a physical central observatory 
in the capital of that empire, under the active and able 
direction of Professor Kupfer. (Compare Kosmos, Bd, i, 
8. 436—439, Anm. 36; Engl. p. 419—421, Note 166; 
Kupffer, Rapport adressé a I’ Acad, de St,-Pétersbourg relatif 
& V’Observatoire physique central fondé auprés du Corps 
des Mines, in Schum. Astr, Nachr. No. 726; and in the 
Annales maguétiques, p. xi.) By the unfailing support 
given by Count Cancrine, the Minister of Finance, to every 
great scientific undertaking, it was found possible to com- 
mence a portion of the corresponding observations(7?) 
from the Crimea to the White Sea, and from the Gulf of 
Finland to the shores of the Pacific in Russian America, as 
early as 1832. A permanent magnetic station was este- 
blished in Pekin in the old convent which had been periodi- 
cally inhabited by monks of the Greek Church since the 
time of Peter the Great. A highly informed and scientific 
observer, the astronomer Fuss, who had taken the chief part 
in the measurements for determining the difference of level 
between the Caspian and the Black Sea, was selected to make 
the first magnetic arrangements in China, Subsequently, 
Kupffer visited the magnetical and meteorological statious 
as far eastward as Nertschinsk in long. 117° 16’ east from 
Paris, in order to compare the instraments established at 
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them with the proper standards, The ns duit, corel 
observations made by Pedand, m Siem, ax sil ump 
lished. 

1830—1845. Colona Graham jof te tpormpisical 
engineers of the United States): cbervaacm: om the 
magnetic force on the southern boundary of Canada. -Suime, 
in the Phil. Trans. for 1546, Pr. imi. p. 242, 

1830. Fuss: magnetic, astromomic, and ivpecemetrie obser- 
vations (Report of the Seventh Meeting of the Brit. 4 ssoe 
1887, p. 497499) om a jomraey from Take Baikal 
through Ergi Oude, Durms, aad the regioa of Gobi {which 
is only about 2500 feet high), to Pekin, in order to 
found there the magnetical amd meteorological observatory 
in which Kovanko has observed for ten years. (Humboldt, 
Asie centrale, T. i. p. 8; T.ii p. 141; T-. iti pp. 468 and 
477.) 

1831—1836. Ceptain Fitz Roy, in a vorage of circum- 
navigation in the ‘ Beagle,’ as well as in the survey of the 
coasts of the southern extremity of America; observations 
with a Gambey’s Inclinatorium, and horizontal needles 
received from Hansteen. 

1831. Dunlop, Director of the Astronomical Observa- 
tory of Paramatta: observations on a Voyage to Australia, 
(Phil. Trans. for 1840, Pt. ip. 183140). 

1831. Faraday’s Induction-currents, the theory of which 
has been extended by Nobili and Antinori; great discovery 
of the production of light by magnets. 

1838 and 1839 are the two important epochs of the first 
promulgation of the theoretical views of Gauss: —1. Intensitas 
vis magnetice terrestris ad mensuram sbeolutam revocata, 
1888 (p. 8, “elementum tertium, intensitas, usque ad 
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tempora recentiora penitus neglectum mansit”); 2. The 
immortal work, Allgemeine Theorie des Erdmagnetismus, 
in the Resultate aus den Beobachtungen des magnetischen 
Vereins im Jahr 1838, herausgegeben von Gauss und Weber, 
1839, S. 1—57, (General Theory of Terrestrial Magnetism, 
published in English in Vol. ii. of the Scientific Memoirs, 
p. 184—251; and Supp. Vol. ii. p. 313—817). 

1833. Barlow's investigations on the attraction of ships’ 
iron, and the means of determining its deflecting influence 
on the compass; examination of electro-magnetic currents 
in “ Terellas,” General Maps of the Declination. (Compare 
Barlow’s “Essay on Magnetic Attraction,” 1833, p. 89, 
with Poisson, “sur les déviations de la boussole produites 
parle fer des vaiseaux,” in the Mém. de l'Institut, T. xvi. p. 
481—655 ; Airy, in the Phil, Trans. for 1839, Pt. i. p. 167, 
and for 1843, Pt. ii. p. 146; Sabine, in the account of Sir 
Tames Ross's obscrvations, in the Phil. Trans. for 1849 
Pt. ii. p. 177—195.) 

1833, Moser, in Poggendorfl’s Annalen, Bd. ii. S, 53— 
64, on a method of ascertaining the position and force of 
the variable magnetic poles. 

1833. Christie on the Arctic observations of Captain 
Back, Phil. Trans. for 1886, Pt. ii. p. 377, See also his 
earlier and important Memoir in the Phil. Trans. for 1825, 
Pt.i. p. 23, 

1834, Parrot’s Reise nach dem Ararat (Journey to Mount 
Ararat), Magnetismus, Bd. ii. 8, 33—64, 

1836, Major Estcourt in Colonel Chesney's Euphrates 
expedition. A part of the Force observations was lost in 
the steamer ‘Tigris,’ a circumstance which is the more to 
be regretted because there is so entire an absence of exact 
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observations in this part of Western Asis, and generally 
south of the Caspian. 

1836. Lettre de M. de Humboldt aS. A. R le Duc de 
Sussex, Président de la Soc. Roy. de Londres, sur les 
moyens propres & perfectionner le conuaissance du magné- 
tisme terrestre par l’établissement de stations magnétiques 
et d’observations correspondantes (Avril, 1836). On the 
happy results of this application, and its influence in 
contributing towards the great Antarctic Expedition of Sir 
James Ross, see Kosmos, Bd. i. 8. 438 (Engl. p. 421); 
and Sir James Ross’s Voyage to the Southern and Antarctic 
Regions, 1847, Vol. i. p. xii. 

1837. Sabine on the variations of the intensity of the 
magnetic force of the earth: British Association Reports, 
Liverpool Meeting, p. 1—85. This is the most complete 
work which has been published on this branch of the subject. 

1837—1888. Establishment of a magnetic observatory 
at Dublin by Professor Humphry Lloyd. On the observa- 
tions made there from 1840 to 1846, see Trans. of the 
B. I. A. Vol. xxii. Pt. i. p. 7406. 

1887. Sir David Brewster: A Treatise on Magnetism, 
p. 185—263. 

1837—1842. Sir Edward Belcher’s observations in a 
voyage to Singapore, the Chinese Seas, and the West Coast 
of America: Sabine, in the Phil. Trans. for 1843, Pt. ii. p. 
118, 140, 142. The observations of the inclination viewed 
in connection with mine in 1803 indicate a very unequal 
progression in the secular change at different places. I 
found, for example, the inclinations at Acapulco, Guayaquil, 
and Callao + 38° 48’, + 10°42’, and —9°54'; Sir Edward 
Beicher, + 387° 57’, +9°1’, and —9°54’. May the frequent 
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earthquakes on the Peravian const exert a local influence on 
the phenomena of the earth’s magnetic force ? 

1838—1842, Wilkes’s Narrative of the United States 
Exploring Expedition (Vol. i. p. xxi.) 

1838. Lieutenant Sulivan’s observations in a yorage from 
Palmouth to the Falkland Islands: Sabine, in the’ Phil. 
‘Trans. for 1840, Pt. i. p. 129, 140, and 143. 

1838 and 1889. Establishment of the magnetic obser- 
yatories.in the two hemispheres at the cost of the British 
Government, and under the able direction of Colonel Sabine. 
The instruments were sent out in 1839; the observations 
began at Toronto in Canada, at Hobarton in Van 
Diemen Island, and at St. Helena, in 1840, and at the 
Cape of Good Hope in 1841. (Sir John Herschel in the 
Quarterly Review, Vol. Ixvi. 1840, p. 297; Becquerel, 
Traité d’Blectricité ct de Magnétisme, 'T. vi. p. 178). By 
a laborious aud profound investigation and treatment of the 
Tich treasure of observations obtained from these stations, 
embracing all the elements or variations of the carth’s 
magnetic activity, Colonel Sabine, as Superintendent of the 
Colonial Observatories, has discovered laws previously un- 
known, and opened new views to science, The results of 
his investigations have been published by him in a long 
series of memoirs, entitled Contributions to Terrestrial 
Magnetism, Nos, I. to IX. (and other detached memoirs) 
in the Phil. Trans. as well as in separate volumes, and 
constitute an essential part of the foundation of this branch 
of cosmical knowledge, I will name only some of the moet 
remarkable among them. 1. Observations on days of 
unusual magnetic disturbance, Vol. i, 1840 to 1844 incla- 
sive; and Phil, Trans, for 1861, Pt. i, p. 123—189. 
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2. Observations made at the magnetical observatory at 
Toronto (N. lat. 43°39 ; W. long. 79° 215), Vol. i. 1840, 
1841, and 1842; and Vol. ii. 1843, 1844, and 1845- 
8. The very different march of the magnetic declination in 
the two half-years at St. Helena (8. Ist. 15° 55’, W. long. 
5°41’): Phil. Trans. for 1847, Pt. i. p. 54. 4. Observa- 
tions made at the magnetical and ical observatory 
at the Cape of Good Hope, 1841—1846: Vol. i. Magnetism. 
5. Observations mede at the magnetical and meteorological 
observatory at Hobarton (8. lat. 42°52’, E. long. 147° 275) 
in Van Diemen Island, and on the Antarctic Expedition, 
Vols. i., ii, and iii, 1841—1852 (on the separation of the 
eastern and western disturbances, see Vol. ii. p. ix.—xxxvi.) 
6. Magnetic phenomena in the Antarctic circle, and in Ker- 
guelen and Van Diemen Islands: Phil. Trans. for 1843, 
Pt. ii. p. 145—231. 7. On the Isoclinal and Isodynamic 
Lines in the Atlantic Ocean in 1837: Phil. Trans. 1840, 
Pt. i. p. 129—155. 8. Declination Map of the Atlantic 
Ocean, representing the lines of magnetic declination 
between 60° N. and 60° S. latitude for 1840: Phil. Trans. 
1849, Pt. ii. p. 1783—233. 9. On the means adopted at 
the British Colonial observatories for determining the abso- 
Tute values, secular change, and annual variation of the 
magnetic force: Phil. Trans. 1850, Pt. i. p. 201—219. 
(Coincidence shown of the epoch of the Earth's greatest proxi- 
mity to the Sun, with the greatest intensity of the terrestrial 
magnetic force in both hemispheres, and with the greatest 
amount of inclination, p. 216.) 10. On the isoclinal and 
isodynamic lines in the northern parts of the North Ame- 
rican continent, and on the geographical position of the 
point of maximum force, deduced from the observations of 
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tions of Captain Lefroy: Phil. Trans. 1846, Pt. iii. 
p- 237—336, 11. On the periodic laws of the disturb- 
ances of the declination (magnetic storms) at Toronto in 
Canada, and at Hobarton in Van Diemen Island, and on 
the accordance of the approximately decennial period of the 
magnetic variations depending on the sun, with the also 
approximately decennial period, discovered by Schwabe of 
Dessau, in the phenomena of the solar spots: Phil. ‘Trans. 
1852, Pt. i. p. 121—124, 

1839, Tsoclinal and isodynamic lines in the British 
Tslands, from observations of Humphry Loyd, John 
Phillips, Robert Were Fox, James Ross, and Edward 
Sabine. In 1833, the British Association, at Cambridge, 
pointed out the importance of systematic observations of 
the inclination and force being made in different parts of 
the kingdom ; and already, in the summer of 1834, their 
wish had begun to be fulfilled by Professor Lloyd and 
Colonel Sabine ; in 1885 and 1836 the work was extended 
to Wales und Scotland, and in 1838 complete isoclinal and 
isodynamic maps of the British Islands were’ presented to 
the British Associntion, and published in the Report of the 
Meeting at Newcastle, p, 49—196. 

1838—1845. The important voyages of Sir James Clark 
Ross towards the South Pole, equally admirable for the 
knowledge gained thereby of the existence of the much- 
doubted Antarctic lands, and for the new light thrown on 
the magnetic condition of very large and important portions 
of the carth’s surface, The numerical values of the three 
elements of terrestrial magnetism were determined over 
almost two-thirds of the area of the higher latitudes of the 
Southern hemisphere. Sir James Ross's magnetic obser- 
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vations have been co-ordinated and published by Colonel 
Sabine in the Phil, Trans. for 1843, Art. x., and for 1544, 
Art. vin; and part yet remains to be published. 

1839—1951. Kreil’s observations on the variations of 
the three magnetic elements, continued for more than 
twelve years at the Imperial Astronomical Observatory at 
Prague, and published in annual volumes, with valuable 
co-ordinations and discussions. 

1840, Hourly magnetic obserrntions with a Gambey’s 
declinution-needle, made during a ten years’ sojourn in 
Chili by Claudio Gay. (See his Historia fisica y politica 
de Chile, 1847.) 

1840—1851. Lamont, Director of the Astronomical 
Observatory ut Munich: Results of his magnetic obser- 
vations compared with those of Gittingen, which go back 
#s for as 1535: important law of n decennial period in the 
dinrnal variation of the declination. (Lamont, in Poggend. 
Ann. der Phys. 1851, Bd. Ixxxiv. 8. 572—582; and Rels- 
uber, 1852, Bd. lxxxy, 8.179—154.) The already noticed 
conjecture of a connection between the periodical magnetic 
variations which follow laws depending upon solar hours 
(magnetic storms and diurnal variation), and the periodical 
* frequency of the solar spots,” was first made by Col. Sabine, 
in the Phil, Trans. for 1852; and four or five months later, 
but without his having known of Colonel Sabine’s published 
paper, by the learned Director of the Astronomical Obser- 
vatory at Berne, Rudolph Wolf, in the Schriften der 
schweizerischen Naturforscher.(7*) Lamont’s Handbuch 
des Erdmagnetismus (1848). contains an account of the 
most recent German apparatus and methods of computing 
the results of observation. 

Be 
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1840—1845. Bache, Director of the Coast Survey of 
the United States: Observations made at the Magnetical 
and Meteorological Observatory at Girard’s College (Phila- 
delphia), published 1847, 

1840—1842. Lieutenant Gilliss (U.S.): Magnetical and 
meteorological observations made at Washington, pub- 
lished 1847 (p. 2—819; magnetic storms, p. 336). 

1841—1843. Sir Robert Schomburgk: Declination ob- 
servations in the forest region of Guyana between Mount 
Roraima and the village of Pirara, between the parallels of 
4°57’ and 8° 39’. (Sabine, in the Phil. Trans. for 1849, 
Part ii. p. 217.) 

1841—1845. Magnetical and meteorological observa- 
tions made nt Madras. 

1843—1844, Magnetic observations at Sir Thomas 
Brisbane’s observatory st Makerstoun (Roxburghshire, 
Scotland), in latitude 55°34", (See Transact, of the Royal 
Society of Edinburgh, Vol. xvii. Part ii. p. 188; and 
Vol. xviii. p. 46.) 

1843—1840, Kreil on the influence of the Alps on the 
manifestations of the terrestrial magnetic force. (Com- 
pare Schum. Aste, Nachr. No. 602.) 

1844—1845. Expedition of the ‘Pagoda’ to high Ant- 
arctic latitudes (64°—67°), E. longitude 2° to 115°, em- 
bracing all the three elements of terrestrial magnetism, under 
the command of Lieut. Moore, B.N., who had previously 
been emploped in the Antarctic Expedition; the observa- 
tious being made jointly by him and Lieut, Clerk, of the 
Royal Artillery, who had previously directed the maguetic 
observatory at the Cape of Good Hope ;—a worthy comple- 
tion of the Antarctic labours of Sir James Clark Ross, 
(Sabine, in Phil. Trans, 1846). 





1845, Proceedings of the Magnetical and Meteorological 
Conference held at Cambridge, 

1845, Observations made at the Magnetical and Me- 
teorologieal Observatory at Bombay, under the superin- 
tendence of A. B. Orlebar, The observatory was built in 
1S41, on the little island of Colaba. 

1845—1850. Six volumes of Results of the Magnetical 
and Meteorological Observations made at the Royal Ob- 
servatory at Greenwich. The maguetic observatory was 
built in 1838. 

1845. Simonoff, Prof. at Kazan: Recherches sur l’ Action 
magnétique de la Terre, 

1846—1849. Captain Elliot (Madras Engineers) : Mag- 
netic Survey of the Eastern Archipelago, sixteen stations, 
several months being passed at each, in Borneo, Celebes, 
Sumatra, the Nicobar, and the Keeling Islands, and 
extending between N. latitude 16° and 8, latitude 12°, 
longitudes 80° and 125° BE. (Phil. Trans. for 1851, Purt i. 
p. 287—331, and p. I.—clvii.) There are appended maps 
of the lines of equal inclination and declination, as well 
as of the horizontal and total foree, This work, which 
also represents the positions of the magnetic equator, or 
lino of no inclination, and of the line of no declination, is 
one of the most remarkable and comprehensive of modern 
times. 

1845—1850. Faraday's brilliant physical discoveries : 
1. On axial (paramagnetic) and equatorial (diamagnetic) 
direction asiamed by different bodies when freely sus- 
pended and placed under external magnetic influences. (74) 
(Phil. Trans. for 1846, §2420; and Phil, Trons, for 
1861, §2718—2796); 2. Ou the relation of clectro- 
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magnetism to a polarised ray of light, and the rotation of 
the polarised ray under the intervention of an altered mole- 
colar condition of the substance which is made the conduct- 
ing medium both of the ray and of the magnetic current 
(Phil. Trans. for 1846, § 2195 snd 2215—2221); 
3, On the remarkable property possessed by oxygen gas 
(the only one of the gases which is paramagnetic) similar to 
that possessed by soft iron only in a much weaker degree, 
of assuming polarity under the inducing influence of the 
earth, as soft iron does in the presence of a permanent 
magnet{?®), (Phil, Trans, 1851, § 2297—2967.) 

1849. Professor William Thompson, of Glasgow: A 
mathematical theory of magnetism, Phil. Trans, for 1851, 
Part i. p. 243—285. (On the problem of the distribution 
of the magnetic force, compare $ 42 and 56, with Poisson, 
in the Mém. de FInstitut, 1811, Part i. p. 1; Part ii. 
p. 163.) 

1850. Airy on the present state and prospects of the 
Science of terrestrial magnetism, a fragment of a very 
promising essay. 

1852. Kreil, Influence of the Moon on the magnetic 
declination at Prague in the years 1889—1849. On the 
earlier labours of this exact observer, and on his first con- 
jectures regarding the lunar influence, see Osservazioni sul’ 
intensita e sulla direzione della forza magnetica istituite negli 
anni 1886—1838, all’ L. R. Osservatorio di Milano, p. 171; 
and his Mag. und Met. Beobachtungen zu Prag, Bd. i. 
8, 59, 

1853. Faraday on lines of magnetic force, and their 
definite character, 

1853. Sabine: on the lunar diurnal variation of the 
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Declination at Toronto, St. Helena, and Hoberton. “Pri 
Trans. 1853.) 

1858—1854. Sabine's new proofs from the observacions 
at Toronto, Hobarton, St. Helena, and the Cape & Good 
Hope (from 1841 to 1851), of the character of the axxmal 
variation superimposed upon the mean diurnal variation of 
the Declination, and of the correspondence of its semi- 
annual epochs with those of the Sun’s passage of the Equator. 
(Toronto Observations, Vol. ii. p. xxii; and Proceeding: of 
the Royal Society of London, May 1554.) 


The preceding chronological enumeration of the advances 
which have been made in our knowledge of terrestrial mag- 
netism in the course of the last half-century (daring which 
I have myself uninterruptedly devoted the warmest interest 
to the subject) shows that they have had atwo-fold character. 
The most considerable portion of these labours is that which 
has been devoted to the observation of the manifestations 
of the earth's magnetic activity, and to their variations 
according to time and place; the smaller portion has been 
given to experiments, or to the calling forth of phenomena 
promising to conduct us to a comprehension of the essentiul 
nature of the activity so manifested. These two lines of 
research,—on the one hand, that of observation of the 
manifestations of terrestrial magnetism (in direction and 
force), and on the other, that of physical experimentation 
on magnetic force in general,—have acted and reacted on 
each other, and have concurrently animated and carried 
forward our knowledge of Nature. Observation alone,— 
independent of any hypothesis on the causal connection of 
the phenomena, or on the as yet immeasurable and 
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unsearchable reciprocal action of molecules in the interior 
of substances,—has led to important numerical laws; and 
the admirable sagacity of experimenting physicists has 
succeeded in discovering, in solid and gaseous substances, 
previously wholly unsuspected polar properties peculiarly 
connected with temperature and with atmospheric pressure. 
Tmportant and undoubted as are these discoveries, they 
cannot, in the present state of our knowledge, be yet 
regarded as affording satisfactory bases of explonation of 
the laws derived from the observations of the terrestrial 
magnetic phenomena. The surest means of exhausting the 
measurable variations as respects space, and of enlarging 
and completing the mathematical theory of terrestrial mag- 
netism, so grandly sketched by Gauss, is to prosecute 
continuously successive determinations of the three mag- 
netic elements at well-chosen points of the globe, each such 
determination referring to a definite epoch. The anticipa- 
tions which I have myself formed of the great results which 
will follow hereafter from the combination of experiment 
with mathematical reasoning, have been already touched 
upon in the earlier pages of the present volume. (76) 

We look in ull the physical phenomena which take place 
on our planet, for cosmical connection, The word Planet 
of itself leads us to dependence on a central body, and to 
connection with a group of heavenly bodies of very various 
magnitudes, probably having all the same origin, The 
influence of the Sun’s position in the heavens on the 
manifestation of the Earth’s magnetic force was very early 
recognised ;—most clearly, in the discovery of sn horary 
variation in the declination of the needle; more obscurely, 
in the conjecture formed by Kepler, a century before, of the 





axes of all the planets being directed towards the same 
quarter. Kepler said expressly, “that the sun may be a 
magnetic body, and that the force which mores the planets 
may therefore reside in the san.” (77) Mass-attraction 
and gravitation appear here under the symbol of magnetic 
attruction. Horrebow,(7*) who did not confound gravi- 
tation with magnetism, was the first who termed the solar 
light “s perpetaal Aurora in the sun’s atmosphere, pro- 
duced by magnetic forces.” In more modem times (and 
the difference is important), the views which have been 
formed respecting the modw« operandi of the sun's action 
have diverged into two distinct classes. 

Tt has been considered either that the sun, without being 
itself magnetic, acts on the magnetism of the earth solely 
through the mediam of its effects in causing variations of 
temperature (this has been the view entertained by Canton, 
Auspére, Cliristio, Lloyd, and Airy),—or, as supposed by 
Conlomb, that the sun being enveloped in a magnetic atmo- 
sphere(7®) influences the magnetism of the earth by direct 
setion, Faraday’s striking discovery of the paramagnetic 
property ofoxygen would indeed remove ane great difficulty 
opposing the first-named view, i.e. the difficulty of supposing 
with Canton that the sea and the solid crust of the earth 
lave their temperature instantaneously and considerably raised 
by the passage of the sun over the meridian of the place; 
but om the other hand, Colonel Sabine's very extensive 
combination und engacious discussion of all the facts of 
observation Imve led to the result, that the periodical varia- 
tions in the earth’s wagnetic activity do not correspond to, 
and therefore cannot be assumed to be caused by, the peri- 
odie variations of temperature which take place within the 
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part of the atmosphere accessible to our observation. Neither 
the principal epochs of the diurnal and annual variations of 
the declination (the annual have been accurately represented 
for the first time by Sabine from a vast body of observa- 
tions), nor the periods of the mean intensity of the earth’s 
force, (®) agree with the periods of maxima or minima in 
the temperature either of the atmosphere or of the 
earth’s outer crust. The turning-points in the most 
important magnetic phenomena are the solstices and the 
equinoxes. 

‘The epoch at which in both hemispheres the intensity 
of the carth’s foree is greatest, and the direction of the 
dipping-needle is most nearly vertical, is that of the 
greatest proximity of the Earth to the Sun,(*) when also 
the Earth has the greatest velocity in its movement of trans- 
lation in its orbit. But at the period of perihelion 
(December, January, and February), and at that of apbelion 
(May, June, and July), the circumstances of temperature 
in the two hemispheres, northern and southern, are diame- 
trically opposed to each other: it follows, therefore, that the 
turning-points, or change from decreasing to increasing 
magnetic force, and vice-versa, cannot be ascribed to the 
sun as the source of heat. 

Annual mean values derived from the observations at 
Munich and Guttingen have led the active director of the 
Royal Bavarian Observatory, Lamont, to infer the remark- 
able law of a variation-period of 104 years in the amount of 
the mean diurnal variation of the magnetic declination in 
different years.(") In a series lasting from 1841 to 1850, 
the monthly means of the variations of the declination 
attained their minimum in 1843) and their maximum in 
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1848}, and this in a very regular manner. Without his 
being aware of these results, the comparison of the monthly 
means of the same years, 1843—1848, derived from obser- 
vations taken at places separated from each other by almoet 
an entire diameter of the globe (Toronto in Canada, and 
Hobarton in Van Diemen Island), had led Colonel Sabine 
to infer the existence of a similar variation-period in the 
frequency and amount of the magnetic disturbances or 
storms. He suggested that a purely comical cause might 
be found in the perturbations observed to take place in the 
sun’s atmosphere with a frequency varying according to the 
same approximately decennial period.¢2) Schwabe, the 
most diligent observer of the solar spots among astronomers 
now living, had found (as I have related in a preceding 
volume), (*) in a long series of years, from 1626 to 1850, 
a periodical variation in the frequency of the spots, the 
maxima falling in the years 1828, 1837, and 1848; and 
the minima in the years 1883 and 1843. “I have not,” 
he adds, “had the opportunity of examining a continuous 
series of older observations, but I willingly subscribe to the 
opinion that this period may itself be a variable one.” An 
analogy to such “periods within periods” as are here 
supposed, is presented to us in the luminous processes of 
other self-luminous celestial bodies or suns, as in the very 
complicated periodicity of the variations in the light of 
B Lyre and Mira Ceti, investigated by Goodricke and 
Argelander.(*) 

If we consider with Sabine, that the magnetism of the 
San manifests itself in the increased magnetic force of the 
Earth at the time of her perihelion (#. e. when she is nearest 
to the Sun), we may be the more surprised that, according 


90 ‘TERRESTRIAL MAGNETISM. 


to Kreil’s extensive investigation of the Moon’s magnetic 
influence no sensible difference according to the varying 
phases of the Moon, or to her different distances from the 
Barth, has yet been found. It would seem as if the near 
proximity of the Moon, as compared with the Sun, does not 
compensate for the smallness of her mass, ‘The principal 
result(*) of the examination which has been made into the 
magnetic influence of our satellite, which, according to 
Melloni, shows only afaint trace of thermal influence, is 
that the magnetic declination observed at the surface of our 
globe undergoes, in the course of a lunar day, # regular 
variation, attaining two maxima and two minima, Kreil 
remarks very justly, that “if the Moon produces at the 
surface of the Earth no sensible increase of temperature’ 
(i. e. no increase cognisable by our ordinary thermometers), 
she cannot produce any variation in the Barth's magnetic 
force by thermal agency; and if, therefore, we do, neverthe- 
less, find such a variation, we must conclude that it is 
produced by some mode of action other than thermal.” In 
all actions which do not present themselves at once as the 
tunmistakable results of a single cause, we can only, as here 
in the case of the Moon, recognise their independent exist- 
tence after carefully excluding, or eliminating, many extra- 
neous disturbing elements. 

But although at the present time the magnetic variations 
of largest amount, and of most decided character, are not, it 
must be admitted, satisfactorily explained by the maxima 
and minima of the variations of temperature, it is yet scarcely 
possible to doubt that when, at some future but not dis- 
tant period, there shall be a more complete and deeper 
insight into the whole process of magnetic action, the great 
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discovery of the polar properties of the oxygen of the atmo- 
sphere which surrounds our globe will present an clement 
in the explanation which shall then be given of the genesis 
of that process, It is hardly conceivable that in the 
harmonions concurrent action of all natural forces this 
property of oxygen, and its modification by changes of 
temperature, should have no share in calling forth magnetic 
phenomena. Tf, in accordance with the conjecture expressed 
by Newton, the substances belonging to the same planetary 
system are, in all probability, for the most part the same,(*7) 
we may also be led, by inductive reasoning, to surmise that 
the endowment of gravitating matter with electro-magnetic 
activity is not confined to our own globe. To assume the 
contrary, would be to impose arbitrarily dogmatic limits on 
cosnical views. Coulomb’s hypothesis respecting the influ- 
ence of the magnetic sun on the magnetic earth is corisinly 
not opposed to any analogy furnished by the knowledge we 
have as yet acquired. 

If we now pass to the purely objective representation of 
the magnetic phenomena presented to us by the Karth, at 
the different parts of its surface, and in its different positions 
relatively to the Sun, we must distinguish, in the numerical 
results of observation, the variations which are included 
within short periods, from those which extend over very long 
periods. All are intermingled and intersecting, like circles 
of undulation in fluids to which a movement is given, some- 
times reinforcing, and sometimes partially or wholly com- 
pensating and destroying each other. 


In the geographical distribution of the phenomena, there 
present themselves more particularly to our notice :— 
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‘Two magnetic poles, ome in each hemisphere, at un- 
equal distances from the eagth’s poles of rotation : these 
are points on the earth’s surface at which the magnetic 
inclination is 90°, and at which, therefore, the horizontal 
force vanishes. 

‘The magnetic equator: #. ¢. the curve or line encompass- 
ing the earth, on which the inclination of the needle is 0°. 

Lines of equal declination, and on which the declina- 
tion of the needle is 0° (isogonic lines, and lines of no 
declination). 

Lines of equal inclination (isoclinal lines). 

Pour points of greatest intensity of the cartlh’s 
magnetic force ; two, of unequal strength, in each hemi- 
sphere. 

Lines of equal terrestrial magnetic force (isodynamic 
lines). 

‘The undulating line which connects those points at 
which the force is weakest in each meridian, and which 
has, on that account, been termed a “dynamic equator,” 
‘or “equator of force.” (%) Tt does not coincide either 
with the geographical or the maynetical equator. 

The boundaries of the zone (generally of very wenk 
magnetic foree), in which the horary (or diurnal) varia- 
tions of the needle at certain hours of the day conform, 
during one part of the year to the diurnal variation of 
the phenomena in the northern, and during the other 
part of the year to those of the southern, magnetic 
hemisphere ;(%) taking part, therefore, alternately in the 
variations of both hemispheres. 


Tn this enumeration I have reserved the word “ pole’ 
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exclusively for the two points on the earth's surface at 
which the horizontal force vanishes ; because (as has been 
already remarked) these points, in which the maxima of 
force are not situated, have occasionally, in modern times, 
been confounded with the four points of maximum intensity 
of the earth’s force.(®) Gauss has also shown that it is 
objectionable to give the name of “magnetic axis of the 
varth” to the cord connecting the points above-named, at 
which the inclination of the needle at the surface of the 
globe is 90°.(9) The various points and lines which 
huve been thus noticed are so connected with each other, 
that we are enabled to describe the complicated pluenomena 
of terrestrial magnetism under three heads only, or as 


belonging to three “ clements” or manifestations of one and 
the samo activity, or force ; termed respectively,—magnetic 
“ force,” “ inclination,” and “ declination.” 


Intensity of the Magnetic Force. 


‘The recognition and examination of this, the most 
important clement of terrestrial magnetism, by the direct 
measurement of the strength of the total force, did not 
follow, until after considerable delay, the recognition and 
examination of the direction of the same force measured in 
the horizontal and vertical planes (declination and inclina- 
tion). Experiments in which a magnetic needle is made to 
vibrate for the purpose of inferring from the duration of the 
vibrations the intensity of the magnetic force, wero first 
brought into use towards the close of the last century: 


during the present century they have been constantly and 
earnestly prosecuted, Graham, in 1723, measured the 





4 ‘TERRESTRIAL MAGNETISM, 


vibrations of his dipping-needle, with the view of examining 
whether they were constant,(®*) and of ascertaining the 
ratio of the directive force to the force of gravity. The 
first attempt to determine, by the number of vibrations 
performed in equal times, the comparative force of magne- 
tism at points of the earth distant from each other, was 
made by Mallet, in 1769, With very imperfect instra- 
ments, he found no difference in the number of vibrations 
performed in the same interval of time at St. Petersburg 
in lat. 59° 56’, and at Ponoi, in lat. 67° 4’,(°%) whenee 
arose the erroneous opinion, which continued to the time of 
Cavendish, that the intensity of the earth's magnetic force 
is the same in all latitudes. Borda, indeed, as he has often 
related to me, on theoretical grounds never shared in this 
error, nor did Le Monnier; but Borda himself, in his expe- 
dition to the Canaries in 1776, was prevented by the 
imperfection of his dipping-needle (friction on its pivots) 
from discovering any differences of magnetic force at places 
distributed over an interval of 35° of latitade—Paris, 
‘Toulon, Santa Cruz in Teneriffe, and Goree (Voyage de la 
Péronse, Vol. i. p. 162). By the aid of improved instru- 
ments, these differences were found for the first time in the 
ill-fated expedition of La Pérouse, in the years 1736 and 
1787, by Lamanon, and were communicated by him from 
Macao to the Secretary of the Paris Academy ; bat, as I have 
already remarked (p. 63), they remained till a much later 
period, unnoticed, and buried in the Archives of the 


‘The first published observations of the variation of the 
force (which were also begun at Borda’s request) were my 
own, mgde in my travels to the equinoctial regions of 





America in the years 1795—1504. Stil eather macite on 
the earth's magnetic force had bees obtaimed by my ineod 
De Rossel in 1791 and 1794 im the Indien Sms, bet they 
were not printed until four sears after ary metera from Mexion. 
Tn 1529 I had the advantage of being exablled to add to ay 
determinations of the magnetic forre and inclination, = as 
to make them extend over 188° of Ieagitade for mere ths 
half the circumference of the globe), viz. from the shores of 
the Pacific Ocean eastward to the Siberian frontier of the 
Chinese territories, two-thirds of the interval being across 
the interior of continents. The differences of Istitude were 
from 60° N, to 12° S., or 72°. 

Tf, in examining the distribution of the magnetic force over 
the surface of the earth, we consider carefally the direction of 
the successive isodynamic lines (or carres of equal magnetic 
force) enclosing each other, and proceed from the outer or 
weakest force to the inner curves of successively stranger 
force, we find in each hemisphere, at very unequal distances 
both from the poles of the earth and the magnetic poles, 
two points, o,.as they have been called, “ foci,” of maximum 
foree, one stronger and the other weaker. Of these four 
points.on tho earth's surface, we find, taking the northern 
hemisphere first,(?) the strongest (the American focus) in 
Jat. 62°19’, and long. 91°58 W.; and the weaker (often 
termed the Siberian focus) in Int. 70° N., long, 120° B., 
or perhaps s few degrees less casterly. Erman, in 1920, in 
tenyelling from Parchinsk to Takutzk, found the curve of 
greatest intensity (1742) near Beresowski Ostrow, in long. 
117° 53’ E., lat, 59° 44’ N.); Erman, Magnet. Beob. 
§, 172 and 540; Sabine, in the Phil. ‘Trans. for 1850 
(Pt. i, p. 218), Of these two determinations, that of the 
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American focus is the more secure, particularly in respect to 
latitude: “the longitude,” it is said, “is probably rather 
too westerly ;” it places the oval which encloses the stronger 
of the two northern foci in the meridian of the western end 
of Lake Superior. We are indebted for this determination 
to the important land expedition in 1843 of Captain 
Lefroy, of the British Royal Artillery, formerly Director of 
the St. Helena, and since of the Toronto, Magnetic Obser- 
vatory. “The junction of the two loops of the lemniscate 
appears to be situated north-east of Behring’s Straits, some- 
what nearer to the Asiatic than to the American focus.” 
When, in 1802, on the Peruvian chain of the Andes 
(between Micuipampa and Caxamarea, in lat. 7°2 S. and 
long. 81° 8’ W. from Paris), I intersected the magnetic 
equator or line on which the inclination is 0, and when I 
found the magnetic force increase as I proceeded either to 
the north or to the south from this remarkable spot,-—there 
being at that time, and long afterwards, an entire absenee 
of all other points of comparison,—I was led by an erroneous 
generalisation of these, the only data which observation 
then presented, to believe that the carth’s magnetic force 
would be found to increase continuously from the magnetic 
equator to cach of the magnetic poles, or points of 90° 
inclination, which I thought were probably also the points 
of greatest terrestrial magnetic force. When we come for 
the first time on the trace of a great natural law, the views 
first taken almost always require some subsequent rectifiea- 
tion, Sabine(®*) has shown, by his own observations (made 
through an extensive range of latitude, in the years 1818 to 
1822), and by a careful combination of these with those of 
many other observers (experiments of vibration with vertical 
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and horizontal needles having become more and more 
general), that the magnetic force and the inclination undergo 
very dissimilar modifications,—that the minimum of force 
is in many places considerably distant from the line of no 
dip; and even, thut in the northern part of Canada and 
the Hudson Bay territories, in the meridiun of about 92° or 
93° W. long., the intensity of the magnetic force, instead 
of increasing, decreases from about the lat. of 52° to the 
magnetic pole in lat. 70°. At the Cansdinn focas of 
greatest magnetic force in the northern hemisphere, deter- 
mined from Lefroy's observations, the inclination of the 
needle, in 1845, was only 73° 7', and in both hemispheres 
the maxima of magnetic force are found associated with 
inclinations much less than 90°.(") 

Excellent and abundant as are the observations of mag- 
netic force which we owe to the expeditions of Sir Jumes 
Ross, and Captains Moore and Clerk, in the Antarctic Seas, 
yet there still remains much doubt respecting the positions 
of the stronger and the weaker focus in the southern hemi- 
sphere. James Ross crossed the isodynamic carves of 
highest value in several places, and after a careful discussion 
of his observations Sabine places the one focus about the 
lat. of 64° S., long. 187° 30’ E. Ross himself, in the 
narrative of Iris great voyage,(”) supposes the one focus to 
be in the vicinity of the Terre Adélie discovered by D’Ur- 
ville, or in shout lat. 67° S., long, 140° E. He thought 
he was approaching the other focus in 60° S, lat., and 125° 
W. long. ; but was afterwards inclined to place it consider. 
ably farther to the south, nearer the magnetic polo, and 
therefore in a more easterly meridian. (**) 

VOL. I¥, r 
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After assigning the positions of the four maxima of 
magnetic force, it remeins to give the ratio of ther 
respective degrees of intensity. These are stated either 
soconiing to the old relative and arbitrary scale which 
has been so often alluded to, i.e. by comparison with the 
isteasity found by me at the above-mentioned point of the 
maguetic equator in bat. 7° 2" S., and long. $1° 5° W. from 
Paris,—or in shaatuie messare, as first proposed by Poisson 
sad Gauss, In the relative sesle in which the force 
ehserval by me on the mignetic equator is taken as 
= 1-000, the magzetic forve in Paris and in London, (em- 
3 sia of ike force in Paris 











whe mas ecix ion prevaied. 
Thes bare sie the very great eect vase cf preeenting 
historic poinzs cd coumencemeni Iman wlence to date those 
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changes which fature centuries shall manifest,—changes 
depending, it may be, on the influence produced by the mag- 
netic force of the san on the magnetism of the earth. 

In the northern hemisphere the determination of the force 
at the strongest or Canadian focus (lat. 52° 19’, long. 
92° W.), by Lefroy, is the most satisfactory. It is expressed 
in the relative scale by 1-878, the force in London being 
1-372; and in the absolute scale by 14°21(). Even so 
far south as New York, in lat. 40° 42’, Sabine had found 
the magnetic force not much less than at the maximum, 
viz. 1°803. At the weaker northern focus, the Siberian 
cne (lat. ? 70°, long. 120° E.), the force was found, in the 
relative scale, by Erman, 1°74, and by Hansteen, 1-76; or, 
expressed in absolute measure, 13:3. The Antarctic Expe- 
dition of Sir James Ross has taught us, that the difference of 
force between the two foci of the southern hemisphere is 
probably less than between the two foci of the northern 
hemisphere; and that the intensity of the force is itself greater 
at each of the southern foci than at either of the northern 
foci. The intensity of the force at the stronger southern 
focus (lat. 64° S., long. 187° 80’ E.) is in the relative 
scale at least 2°06, ('') in the absolute scale 15°60: at the 
weaker southern focus,(") lat. 60°S., long. ?125° W., 
still, aceording to Sir James Ross, it is in the relative scale 
1-96, and in the absolute 14-90. The greater or less 
distance apart of the two foci in the same hemisphere is 
recognised as an important element of their individual 
strength and of the whole distribution of the magnetic force 
at the surface of the earth. “Although the foci of the 
southern hemisphere present a strikingly greater magnetic 
force (in absolute measure 15°60 and 14-90) than those of 
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the northern hemisphere (14°21 and 13-30), yet the mag- 
netic force of the one hemisphere is not to be regarded us 
greater on the whole than that of the other.” 

It is quite otherwise, however, if we divide the earth into 
an eastern and a western hemisphere by a great circle 
formed by the meridians of 100° and 280° E. long., so 
that tho eastern (and the more continental) hemisphere shall 
comprehend South America, the Atlantic Ocean, Europe, 
Africa, and Asia almost to Lake Baikal; and the western 
(which is the more oceanic and insular) shall contain 
almost the whole of North America, the Pacific Ocean, 
Now Holland, and the eastern part of Asia. These meri- 
dians are, the one about 4° west of Singapore, the other 
18° west of Cape Horn ; the latter being also the meridian 
of Guayaquil. In this division all four foci of maximum 
magnetic force, and even the two magnetic poles themselves, 
all belong to the western and more oceanic hemisphere.(') 

Adolph Erman’s important observation of the least or 
minimum magnetic force nm the Atlantic Ocem, on the 
east side of the Province of Espiritu Santo in Brazil (lat. 
20° S., long. 85° 02" W.), has been already referred to in 
Vol. i.(2%). He found in the relative scale 0°706; in the 
absolute, 5°35. This region of weakest intensity was also 
crossed twice by the Antarctic Expedition of Sir James 
Ross,(!) between latitudes 19° and 21° S., and by Lioute- 
nant Sulivan and Mr. Dunlop, on the passage from England 
to the Falkland Islands.(#°*) Sabine has represented the 
curve of least magnetic force [corresponding to the year 
1840], which Ross terms “ the equator of least intensity,” 
‘on the isodynamic map of the whole Atlantic Occan, draw~ 
ing it from shore to shore. It cuts the west coust of Africa 





at the Portuguese cology af Maeemeiie fi 25° ©), 
has its concave samant i he andi of fie ee ie 
18° W., sud touches the Beccles cmt a SF S i 
Fature observations wil shew mem cleat wie cee 
may not also be s regi af competes weak coum 
force (0°97 of the arkiteery amie) a Ge our af Se 
equator in 10° to 12° Net, amd aber 20° op the emt af 
the Philippines. 

According ta the dita at present posmend, I telice I 
have little to alter in the rstiecmen im Wel L of tte weet 
to the strongest terrestrial mucuctic Some fils beeen 
1:2} ond 1:3, bet meet o Ghee bette; ame 
diversity of statement bem camed by sirens heme 
‘Veen rather arbitrarily sunde, scmetimes Se the soos coir, 
snd sometimes in beth mimes and meres ot eon (*“) 
Sabine(!*) has the grest merit af baring Set called atte 
tion to the importance of the “ dymazac equater,” (the carve 
of least intensity of the magnetic forex). “This carve, which 
undulstes in its progress rund the globe, coanects the 
points in each groaraphical meridian at which the carth’s 
magnetic force is least, the force increasing everywhere in 
receding from it on cither side towards the higher latitudes 
of the two hemispheres. It marks the physical separation 
between the two magnetic hemispheres more decidedly than 
does the line of no dip, on which the direction of the 
mugnetic force is perpendicular to the direction of yravity. 
Por the theory of mugnetism all that relates to the force 
has a imore immediate bearing than what relates to the 
direction of the needle, cither in the horizontal or vertical 
plane; those planes, although necessarily used by us both 
fn observation and discussion, not having in themselves 
any direct relation to magnetism. The inflesions of the 
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dynamic equator are complex, because they depend on forces 
which have four points or foci of greatest intensity which 
are unsymmetrically distributed on the surface of the globe, 
and are of unequal strength. The most remarkable of these 
inflections is the great convexity towards the southern pole, 
in the Atluntic Ocean, between the coast of Brazil and the 
Gape of Good Hope.” 

Does the intensity of the terrestrial magnetic force 
diminish sensibly at accessible distances above the surface 
of the earth? or increase sensibly in descending below that 
surface? The problem which these questions propose for 
solution is an exceedingly complicated one, in so’ far as’ it 
hus to be determined by observations made shore or below 
the cedimary level of the carth’s surface. In attempting to 
solve t by means of mountain journeys or descents into nines, 
the facts thst the upper and lower stations of observation sre 
seldom sitaxted vertically in respect to each other —that the 
observations are frequently influenced by the character of the 
rocks and the presence perhaps of bidden mineral veins,—and 
that the @actuntions, rezuler or irregular, of the magnetic 
Beoas, regeare to be allowed for —are all crcemstances which 
are Hbely to aSert the resalts(***), and to cause to be aseribed 
to Gifierences of bericht or depth what may be by no means 
@oe to thems. Among the numerons mines which I have 
Visited, descending to considerable depths, in Barope, Pera, 
Mexico, end Stheria, I have never fonnd localities which were 
wailed to inspire me with confidence in reference to this ques- 
Hen 9) ot terest also be remembered, thet considering the 
Yormal plane to be tnt of Uhe bowel of the sna (viewed as the 
Ween general sertnae of the torrestrd sphercid), many mbes, 

wing conwidermble depths bedow the surfce of the 
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ground, never can reach the sea-level. Thus the works in 
the Joachimsthal, in Bohemia, have reached 2000 feet of 
absolute descent, but the lowest part is still 250 feet above 
the sea.(1!°) Aérostatic ascents offer very different and far 
more favourable conditions. Gay-Lussac ascended to 21600 
French feet above Paris, a height eleven times greater than 
the greatest depth attained in Europe, (speaking even merely 
of depth beneath the surface of the ground, without 
reference to the level of the sea). The results of my owr 
mountain observations between the years 1799 and 1806 
led me on the whole to regard a decrease of force in ascend- 
ing as probable, although, (perhaps from the perturbing 
causes above alluded to), several amongst them gave indica- 
tions of a contrary character. I have placed together in a 
note,("") data obtained by me in the course of 125 determi- 
nations of magnetic force in the chain of the Andes, in the 
Alps, and in Italy and Germany. My observations extended 
from the level of the sea to the limits of perpetual suow, and 
to a height of 14960 French, or 15944 English, feet ; but 
the greatest elevations did not give the most assured results. 
The most satisfactory among them are afforded by the steep 
declivity of the Silla de Caracas, 8100 French feet above 
the closely-adjacent coast of La Guayra; the Santuario de 
NS" de Guadelupe, on the summit of a limestone cliff 
rising immediately above the town of Bogota, giving a 
difference of elevation of 2000 feet; and the volcano of 
Purace, 8200 French feet above the Plaza Mayor of the 
town of Popayan. Kupffer("*) in the Caucasus, Forbes in 
many parts of Europe, Laugier and Mauvais on the Canigou, 
Bravais and Martins on the Faulhorn, and in their adven- 
tarous sojourn very near the summit of Mont Blanc, have 


indeed all remarked a decrease of maguetic force with inereas- 
ing clevation. It woald seem, from the general discussion by 
Beavais, as if the decrease were grester in the Pyrenees than 
in the Alps.(*) 

Quételet's entirely opposite resalts, obtained in # joumey 
from Geneva to the Col de Balme and the grest St. Ber- 
nard, render it doubly desirable that in order to obtain 2 
finally decisive reply to so important a question, recourse 
should be had to the oaly effectual means, i.e. balloon 
ascents, in which the surface of the earth is quitted alto- 
gether, (a step taken so long ago as 1804, by Gay-Lussac, 
first conjointly with Biot on the 24th of August, and then 
alone on the 16th of September), and that = conseca- 
tive series of experiments should be thus made. The time 
of vibration of needles carried in s#ronautic ascents to 
elevations of eighteen or twenty thousand feet and upwards, 
can only be made to afford just inferences respecting the 
degree of the earth’s magnetic force propagated through the 
free atmosphere, when the temperature correction of the 
peeilles employed is determined with great precision both 
‘before and after the ascent. ‘The neglect of any such correction 
caused it to be erroneously inferred from Gay-Lnssac’s 
experiments that the magnetic force remains unaltered to an 
elevation of 21600 fect ;(?#4) whereas the experiment really 
‘went to indicate the decrease of the force, since the colder 
temperature of the higher region must be supposed to have 
acted in accelerating the vibrations of the needle.(!!8) 
Neither ought Faraday’s brilliant discovery of the paramag- 
netic force of oxygen to be left out of view in considering 
the mubject before us. ‘That great physicist calls attention 
to the consideration, that the cause of the diminution of the 





magnetic force in the bigher strata of the ateoephere shankt 
not be looked for solely in the imeremed detumee Sum Ge 
source of the force, the solid terrestrial globe—tat amr 
with no less probability be sought in the exmendingiy smeied 
state of the air at those elevations, whereby she quumtite of 
oxygen contained in a cubic foot of atmesphene ari snack 
Jess than ot the surface of the earth. It appexcs > me thet 
we should not be justifed im extending this mygeation 
further, than to say that the Gmmmbioe peu 
property of the oxygen with ineressed mevfctioe of Ge 
air, at increased elevations, may be s eomcament amdifsog 
cause of the phienomencs in. qeetine = Mudiieetons of 
temperature and of density, by the sets of amending 
arial currents, will, eguin, modify the ewer: of the on 
current setion ;(?"¢) and disturbing indaeners Ghee seem 
a variable and local character, will act ie the stmesylers ae 
do the different kinds of rock of the surier of the emt 
At every cheering step in advance towards the beter kame 
ledge of the constituents of the gaseous envelope of cur 
planet, and their physical properties, we become oar: of 
fresh liabilities to error amidst the varying cmmeument actu 
of forces, and are admonished thereby of the eed af ill 
greater caution in arriving at conclasioos 

The intensity of the earth's magnetic force mewmnd ot 
determinate points of the earth's surier, bus (ix all the 
otber phenomena of terrestrial magnetism) ts hour!y, ent 
also ita secular variations, The former were Gstinctly = 
cognised in Parry's third voyage, by that datingwinbed 
navigator, and by Lieutenant Poster, in 1525, at Port 
Bowen. In the middle latitudes the incrrase of the inten- 
sity of the magnetic force from the morning to the evening 

re 
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had been the subject of very careful examination by Chris- 
tic,(""7) Arago, Hansteen, Ganss, and Kupfer, Bat as, 
notwithstanding the great improvements in the construction 
of dipping-needles, their time of vibration in the vertical 
plane could not be ascertained with the same securacy a8 
that of needles vibrating in the horizontal plane, « know- 
ledge of the horary variations of the total force could not 
be obtained from the latter, without amore exact knowledge 
of the horary variations of the inclination than could be 
gained by the instrumental means in use before the existence 
of the magnetic observatories. The establishment of 
magnetic stations in the northern and southern hemi- 
apheres has since afforded the great advantage of supply- 
ing results at once the most numerous and the best 
assured, with magnetometers measuring the horary varin- 
tions of the horizontal and vertical components of the 
force, and thus enabling their theoretical equivalents, 
the horary variations of the inclination and of the total force, 
to be learnt. It will be sufficient here to consider two 
of these stations,(1!*) both extra-tropical, and situated 
at nearly equal distances on cither side of the equator; viz 
‘Toronto in Canada, in 48° 32’ N. lat., and Hobarton in 
Von Diemen Island in 42°53’ S. lat.; their difference of 
longitude being about 15 hours. In the simultaneous 
system of hourly observations, the observations of the 
winter months of the one station are made during the 
summer of the other, and the greater part of the night 
observations at the one correspond in like manner to the 
day observations at the other. ‘The declination is at 
‘Toronto 1°33’ W., and at Hobarton 9° 57K. ; the ineli- 
nution and force at the two stations are very similar, the 
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tip of the north end of the necdle at Toronto being 75° 15’, 
and that of the south end at Hobarton 70° 34’,—and the 
total foree in absolute measure 13°90 at Toronto, and 13°56 
at Hobarton, Of these two so well-chosen stations, the 
Canadian shows, according to Sabine’s investigation,('!*) 
four, and that of Von Diemen Island only two, turning- 
points in the diarual variation of the total force. At ‘Toronto 
there appears to ben principal maximum at 5 h., and # prin- 
cipal minimum between 15 h. and 16 h.; with a weaker 
secondary maximuin varying in different months from 18 h. 
to 20 h,, anda weaker secondary minimum at 22h. or 23 h. 
At Hobartou, on the other hand, the intensity of the fores 
follows a single progression from a maximum between 6 hi. 
and Gh. toa miniinom between 20h. and 21 h.; although 
the inclination at that station has, as at Toronto, four 
turning-points.() By combining the variations of incli- 
nation with thove of the horizontal force, Sabine has found 
that at both stations the total force is greatest from October 
to February, and least from April to August; October to 
Pobrasry being mouths of winter at Toronto, and of summer 
wt Hobarton ; and April to August being months of summer 
ot Toronto and winter at Hobarton. He thence infers that 
it ds not to differences of temperature that we should ascribe 
these variations, and snguests that the increase of the total 
magnetic force in both hemispheres during the months 
when the San is in the southern signs, may be caused by the 
greater proximity of the Earth in that portion of her orbit to 
the Sun acting ox a magnetic body.(!2!} At Hobarton, the 
intensity of the force is in the sumer of that station in 
absolute measure 13°574, and in winter 13°548. The 
secular change of the total magnetic force rests as yet on 
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the observations of very few years. The comparison of my 
results with those of Rudberg, in the years 1806 and 1852, 
would indicate for Berlin a small decrease. (#22) 


Inclination. 


We are indebted for the knowledge we possess of the 
geographical position of both the magnetic poles where the 
Inclination is 90°, to the observations and scientific activity 
of one and the same adventurous navigator, Sir James Ross : 
in the north, in the second expedition(!™) of his uncle Sir 
John Ross, (1829 to 1833), and in the south in the Antaretic 
expedition commanded by himself (1839—1843). According 
to his observations, the northern magnetic pole (in 70° 5° N, 
Tat., 96° 43° W. long.) is five degrees of latitude further from 
the pole of the earth than the southern (75° 5 S, lat., 
154° 10’ E. long.) ; and the difference of longitude between 
the two magnetic poles is 109°. The northern pole is situ- 
ated on the large island of Boothia Felix (very near the 
American continent), a part of which had been previously 
called by Captain Parry, North Somerset. The observations 
of Sir James Ross place the pole, at the date referred to, at a 
short distance from the western coast of Boothia Felix, not 
far from Cape Adelaide, which projects between King 
‘William’s Sea and Victoria Strait.(%*) The south magnetic 
pole has not been, like the northern one, directly reached. 
On the 17th of February, 1841, Sir James Ross in the 
‘Erebus,’ attained 76° 12’ S. lat. in the meridian of 
163° 02’ E. long., but the magnetic inclination did not 
exceed 88° 40’, so that the south magnetic pole was supposed 
tobe still 160 English nautical miles distant.(#5) Numerous 
and very exact observations of declination, (determining the 
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intersection, of the magnetic meridians), render it very 
probable that the present position of the south magnetic 
pole is in the interior of the great Antarctic land called 
South Victoria, west of the Albert Mountains, of which the 
active yoleano Mount Erebus, rising to the height of more 
than 12000 feet, forms a part. 

The situation, and the alterations in the form of the 
magnetic equator, or line on which the dip is 0, have been 
already spoken of by me in the “ Description of Nature” in 
Vol. i, (S. 190—192 and 481; Engl. p. 172—174, and 
411). The earliest determination of tle African uode 
(the intersection of the geographical ond magnetical 
equators) was by Sabine, at the commencement of his 
Pendulum Expedition in 1822(2%) : ata later period, 1840, 
the same savant, by combining the observations of Duperrey, 
Allen, Dunlop, and Sulivan, formed a map of the magnetic 

, from the west coast of Africa, (4° N. lat., 
9° 32’ E. long.) through the Atlantic Ocean and Brazil 
(16? 8. Int. between Porto Seguro and Rio Grande), to the 
point where I had found north dip change to south, on the 
Cordilleras, not far from the Pacific. The African node, 
or point of intersection of the two equators, was, in 1887, in 
$° 02’ B.long.; in 1826 it had been in 6°57’ E. long. The 
seoular movement of the node, in receding to the westward 
from the lofty basultic island of St. Thomas, had there- 
fore been at the annual rate of rather less than half a degree, 
thus causing the line of no dip to impinge on the African 
coast ata progressively more northern point; whilst at the 
same time it descended more to the south on the Brazilian 
coast. ‘The convex summit of the magnetic equator con- 
tinues to be directed towards the south, its maximum 
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distance from the geographical equator in the Atlantic 
Ocean being 16°. Inthe interior of South America, in the 
‘Terra incognita of Matto Grosso, between the great rivers 
Xingu, Madera, and Ucayale, there is an entire absence of 
observations until the chain of the Andes is reached, where, 
68 miles east of the Pacific, between Montan, Micuipampa, 
and Caxamarca, I determined astronomically the place of 
the magnetic equator, (7° 2’ S. lat., 78° 46’ W. long.), 
which is there in course of ascending to the north-west(™) 

The most complete investigation which we possess 
towards a knowledge of the whole course of the magnetic 
equator, is that made by my friend Duperrey, for the years 
1823—1825. In the course of his voyage of circumnayi- 
gation, he crossed the magnetic equator six times, and lias 
been enabled to lay it down from his own observations for 
220 degrees of longitude.(“) ‘The two nodes are situated, 
according to Duperrey’s map of the magnetic equator, one ii 
about 6°E. long. in the Atlantic Ocean, the other in 177)° 
B.long., in the Pacific, between the meridians of the Viti and 
Gilbert Islands. After quitting the west coast of the South 
American continent, probably between Panta de la Aguja anil 
Payta, the magnetic equator continues, in its prolongation 
westward, to approach the geographical equator, until, in the 
meridian of the Mendniia group of islands, the two equators 
are only two degrees apart.(™) Ten degrees further to the 
west, in the meridian of the western part of the Paumotu 
Tslands, or Low Archipelago, in 154° B. long., Captain 
Wilkes, in 1840, found a similar distance of fally two 
degrees of latitude between the geographic and maguetic 
equators.(8") The intersection or sode in the Paeific és 
not 180° from the node in the Atlantic, being situated, not 
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im 174° W. long., but in the meridian of the Viti group, 
in about -1774° E. or 184° W. long, Therefore, in 
proceeding to the west from the const of Africa, we find the 
distance between the two nodes $}° greater than the earth’s 
semi-cireumfercnce,—s proof that the curve in question is 
not m great circle. 

According to the excellent and widely-extended determni- 
nations of Captain Elliot (1846—1849), which between the 
meridians of Batavia and Ceylon are remarkably accordant 
with those of Jules de Blosseville (sce p. 67 of the present 
voluine), the line of no inclination passes across the north 
of Borneo, and running in an almost exactly east and west 
direction, touches the north point of Ceylon (9° 45’ N. lat.) 
‘The curve of least total force is in this part of the world 
almost parallel with that of the magnetic equator.(1**) The 
Intter enters the east coast of Africa south of Cape Gurdafui : 
this important point has been determined with great exact- 
neas by Rochet d’Hericourt in his second Abyssinian expe- 
dition (1842—1845), and by the able discussion of that 
traveller's magnetic observations.(!) It is situated south 
of Gaubade, between Angolola and Angobar (the principal 
town of the kingdom of Shoa), in 10° 7” N. lat and 
41° 13’ B. long. The course of the magnetic equator 
through the interior of Africa, from Angobar to the Bight 
of Biafra, is as entirely unexamined as is the portion of the 
same line which passes through that part of the interior of 
South America which is cast of the chain of the Andes and 
south of the geographical equator, These two continental 
spnees are of about equal extent in an cast and west direo- 
tion, and taken together occupy 80 degrees of longitude, or 
nearly ao quarter of the carth’s circumference, in which there 
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is thus as yet an entire absence of magnetic determinations, 
My own observations of inclination and force through the 
whole interior of South America (from Cumana to Rio 
Negro, as well as from Cartagena de Indias to Quito) were 
confined to the tropical zone north of the geographical 
equator ; those in the southern hemisphere, from Quito to 
Lima, only extended over the narrow district adjacent to the 
western coast, 

‘The movement of translation of the African node to the 
westward from 1525 to 1537, noticed in a preceding page, 
is confirmed, on the east coast of Africa, by a comparison of 
the inclination observed by Panton, in 1776, with Rochet 
@Héricourt’s observations. The last-meutioned traveller 
found the line of no dip much nearer the Straits of Bab-el- 
Mandeb, é.¢. 1° south of the island of Socotora in 8° 40° 
N. lat. Thus there would appear to have been in 49 years 
only an alteration of 1°27’ in latitude: the alteration in 
longitude in the same interval of time, by the movement of 
the node as estimated by Arago and Doperrey, would 
amount to 10° to the westward. The direction of the 
movement due to secular change on the eustern side 
of Africa has therefore been quite the same as on 
the western, but the quantity or amount of the move- 
ment still requires to be determined by more exact 
results, 

‘The periodicity of the variations in the magnetic inclina- 
tion, in reference to hours and seasons, the existence of 
which has been already remarked, has only been established 
definitively, and in its entire character, within the last twelve 
years, or since the formation of the British magnetic stations 
in the two hemispheres. Arago, to whom so much is dag 
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in reference to magnetism, had indeed recognised in the 
sutumn of 1827 that “the inclination is greater at 9 a.a, 
than at 6 v.at,; while the intensity of the magnetic force, as 
measured by the vibrations of a horizontal needle, attains its 
minimum at the former, and its maximum at the latter, of 
these two epochs.”() The whole diurnal march of the 
inclination has now been solidly established by means of 
muny thousand regularly continued hourly observations at 
the British magnetic observatories since 1840, and by their 
laborious discussion. ‘This is the place for bringing together 
the obtained facts a3 the foundations of # general theory of 
terrestrial magnetism, Before doing so, it is desirable to 
remark that, in considering the periodic fluctuations of the 
three clements of terrestrial magnetism in their entire 
chameter, we ought, with Sabine, to distinguish in the 
“ turning hours,” or hours of maxima or minima, between 
two greater, and therefore important, extremes; and other 
intervening minor (though for the most part not less 
regular) fluctuations. The recurring movements of the 
inclination and declination needles present to us, then, as 
do the variations of the intensity of the total force, principal 
and secondary maxima and minima; in the most usual cases 
both principal and secondary, forming a double progression 
with four turning hours, but less commonly a single maximum 
and minimum only, forming a simple progression with but 
two turning hours. The march of the total force in Van 
Diemen Island, for example, is of the latter description, while 
the inclination at the same station follows a double progres- 
sion; and at Toronto, in Canada, a place whose position in 
the northern hemisphere corresponds almost exactly to that of 
Hobarton in the southern hemisphere, the diurnal march of 
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the total force is a double progression, whilst that of the ineli- 
nation is 2 double progression only from October to March, 
anda single progression from April to September.(') At 
the Cape of Good Hope the inclination has ouly a single 
maximum and single minimum, whilst the total force has a 
double progression, the principal minimum occurring at the 
same hour as the minimum of inclination. 

We must also distinguish between results obtained bya 
series of observations with a dipping-needle at certain hours 
of the forenoon compared with a similar series at certain 
hours in the afternoon (which can at most only give the 
difference in the amount of the inclination at those two 
periods of the twenty-four hours), and results obtained by 
hourly observations of the horizontal and vertical force 
magnetometers, which give the horary variations of the incli- 
nation and total force for every hour. Amongst the horary 
variations of the inclination obtained by cither of these 
methods may be cited the following :— 


L. In the Northern Hemisphere. 


Greenwich, From observations with a dipping-needle 
three hours before and three hours after noon, the north dip 
was found to be greater at 9 a.m. than at Spac, The 
difference in 1847 was 07. Tu four years ont of five, the 
dip was higher at 9a... than at 3p.u., but in one year 
(1845) the reverse oppeared, the dip being greater by 
13 at 3 pw. than at 9 acs, 

Paris. From observations with a dipping-necdle at 9 a.as, 
and 6 r.., the mean north dip appeared to be greatest at 
0 AM. 





Petersburg. From observations with a dipping-needle 
at S at. and 10 rar, the mean north dip appeared to be 
greatest at 8 aca. 

Toronto, in Canada, From hourly observations daring 
54 years with horizontal and vertical force magnetometers, 

@ principal maximum is found in all months of the year 
about the hour of 4 p.t., ocourring, however, somewhat 
earlier from April to September than from October to 
Mareh ; and a principal minimum about 10 a.st. or 11 a.x., 
cocurring also catlier from April to September than from 
October to March. The progression from the maximum at 
10 or 11 as. to the minimum at 4 v.m. is continuous and 
ropid. From April to September the inclination increases, 
with occasional very alight interruptions, from the minimum 
at 4 vat, to the maximum at 10 sat. At this season, 
therefore, the horary variation scarcely differs from a single 
progression, the decrease taking place in the six hours from 
10 Aor, to 4 Pat,, andthe increase, more slowly, in the 
remaining eighteen hours, In the opposite season, ¢. ¢. from 
October to March, a secondary maximum shows itself at 
from midnight to 2 a.s., and a secondary minimum at 
about 6 aist. (Sabine, Toronto, Vol. ii p. Ixx.) ‘The north 
dip is greater in the six months when the Sun is in tho 
southern signs (75° 17°S4) than in the six months when 
te San is in the northern signs (75°1657). ‘The intensity 
of the total force isalso greater by about two-thonsandth 
parts of its whole amount in December and January, when 
the Barth is nearest to the Sun, than in June and July, 
when the Barth is most distant from the Sun. (Toronto 
Obs, Vol. ii. pp. lxsxvii. and xeii. and xeiii.) 
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Il. In the Southern Hemisphere. 


Hobarton, Van Diemen Island. From hourly observa- 
tions during six years with horizontal and vertical force 
magnetometers, the principal maximum (of south dip) occurs 
at 11} a.m.; the principal minimum at 6 4.0. ;7a secondary 
maximum at 10 p.s.; and a secondary minimum at 5 Pst 
(Sabine, Hobarton, Vol. i. p. Ixvii.) The south dip is greater 
in the six months when the Sun is in the southern signs 
(—70° 36°60) than when in the northern signs 
{—70° 35°42). The intensity of the total force is also 
greater at Hobarton from December to February than 
from June to August, (Hobarton Obs. Vol. ii, p. xlvi.) 

Cape of Good Hope. From hourly observations during 
44 years with horizontal and vertical force magnetometers, 
asingle progression is found. Maximum at § h. 34m. a.m. 5 
minimum at 0°34 pat; with a very small intervening 
fluctuation between 7 a.m. and 9 aust, 


In comparing the two stations of Toronto and Hobarton, 
situated in corresponding latitudes on either side of the 
equator, we notice remarkable correspondencies in respect 
to the tuning hours; thus 

10 to 114 a.a1, is the epoch of principal minimum at 

Toronto, and of principal maximum at Hobarton. 

4 p.m, is the epoch of principal maximum at Toronto, 
and 5 rat. of secondary minimum at Hobarton, 

6 A.at. is the epoch of principal minimum at Hobarton, 
aid of sccondary minimum at Toronto; and from 
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10 pot, to 2 Aa, @ secondary maximum occurs at both 

stations, 

‘The four turning hours of the inclination at Toronto 
are almost exactly reproduced at Hobarton, only the sig- 
nification is altered. ‘This complex action is very deserving 
of attention ; as is also the comparison of the two stations 
in respect to the sequence of the turning hours of the varia- 
tions of the inclination and of the total force.(156) 

‘The periods of the inclinntion at the Cape of Good Hope 
do not agree either with Hobarton, which is in the same 
lemisphere, or with any of the northern stations which have 
been referred to. The minimum of inclination even takes 
place at an hour when the inclination at Hobarton has 
almost reached its maximum. 

‘The determination of the secular change of the inclination 
requires observations of equal and satisfactory accurecy, 
repeated so as to include long tervals of time. We do 
not, for example, find that we can go back to Cook’s 
voyages with the desired degree of certainty ; for although 
in his third voyage the poles of the dipping-needle were 
always reversed, yet differences from forty to fifty-four 
minutes oecur between that great navigator’s observations 
in the Pacific and those of Bayley,—attributable probably to 
the then very imperfect construction of the needles, and 
especially to their want of free movement. For London, 
we are reluctant to go back beyond Sabine’s observations in 
August 1821, which, compared with the excellent deter 
mination by James Ross, Sabine, Johnson, and Fox, in 
1838, gave for that interval an annual rate of decrease of 
2°73; im near accordance with which, Lloyd, with equally 
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Humboldt. Sawelietf. 
1829, 1851. 
Kason. . . . 68° 26°7 68° 30°8 
Soratof . . . 64° 40°9 64° 48°7 
Sarepta . . . 62° 159 62° 39°6 
Astrachan . . 59° 583 60° 27°°9 


For the Cape of Good Hope we possess a very long, and 
if we do not go farther back than from Sir James Ross and 
Du Petit Thouars in 1840, to Vancouver in 1791, a very 
satisfactory comparison of observations of inclination, com- 
prising an interval of almost fifty years.(12) 

The question whether the height of the station has any 
unequivocally discernible influence on the maguetic inclina- 
tion and foree,(43) was the subject of carcful examination 
by me in my journeys in the Andes, the Ural, and the 
Altai Mountains. I have already remarked, in the section 
on the Foree, how few unfortunately are the localities which 
fre suited to throw any certain light upon this inquiry, as 
the points compared ought to be so near to each other as 
to avoid all suspicion that the magnetic differences may be 
due, not to the difference of elevation, but to the inflections 
of the isodynamic and isoclinal curves, or to diversity in 
the character of the rocks. I will confine myself to the 
four principal results of the inclination in respect to which 
T thought at the time, and on the spot, that they indicate, 
with greater certainty than the force observations, am 
influence of elevation in diminishing the inclination of the’ 
needle, 

On the Silla de Caracas, which rises almost perpendicu+ 
larly $100 French feet above the sea-coast of La Guayra, 
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south of the coast and north of the town of Caracas, 
‘incl. 41°90: La Guayra, elev. 10 feet; incl. 42°20: town 
of Caracas, elev. 2484 French feet; incl. 42°95. (Hum- 
boldt, Voy. aux Régions équinox. T. i. p. 612.) 

Santa Fé de Bogota: Elev. 8196 French feet; inel. 
27°15: Chapel de Nuestra Sefiora de Guadalupe, on a 
precipice above the town, elev. 10128 French feet ; incl. 
26°80. 

Popayan: Elev. 5466 French feet ; incl. 23°25: moun- 
tain village of Purace, on the declivity of the volcano, 
elev. 8136 French feet; incl. 21°80: summit of the vol- 
cano of Purace, elev. 13650 French feet ; incl. 20°-30. 

Quito: Elev. 8952 French feet; incl. 14°55: San 
Antonio de Lulumbamba, where the geographical equator 
passes through the hot valley ; elev. of the bottom of the 
valley, 7650 French feet; incl. 16°02. All the above 
inclinations are given, as observed, in centesimal degrees, as 
their comparative value is the only point under consideration. 

On account of the too great horizontal distances between 
the stations, and the influence of adjacent rocks, I do not: 
lay any stress on my European observations : as, for example, 
at the Hospice on St. Gothard (6650 French feet), incl. 
66° 12’,compared to Airolo (3502 French feet), incl.66? 54’, 
and Altorf, incl. 66° 55’; or (which seem to tell the other 
way) Lans le Bourg, incl. 66° 9’; Hospice on Mount Cenis 
(6858 French feet), incl. €6° 22’; and Turin (707 French 
feet), incl. 66° 3’; or at Naples, Portici, and the crater of 
Vesuvius; or in Bohemia, the summit of the great Mili- 
schauer (a Phonolite!), incl. 67°53’; Téplitz, incl. 67°19°5; 
and Prague, incl. 66°476.('4) In 1844 Bruvais, in 
company with Martins and Lepileur, made a series of 

You. Iv. G 


122 ‘TERRESTRIAL MAGNETISM. 


excellent comparative horizontal force observations (pub- 
lished in great detail) at $5 stations, including the 
summits of Mont Blanc (14809 French feet), the Great 
St. Bernard (7848 French, feet), and the Faulhorn (8175 
French feet); contemporancously with which were obserya- 
tions of the inclination on the Grand Plateau of Mon 
Blanc (12097 French feet), and at Chamounix (3201 
French fect), If the comparison of these results would 
indicate a diminution of inclination with increased ele- 
vation, observations on the Faulhorn and at Brienz 
(1754 French feet) on the other hand, would give the 
contrary indication. Thus no satisfactory solution of the 
problem was obtained by either class of experiment, 
(Bravais sur l’intensité du Magnétisme terrestre en France, 
en Suisse et en Savoie, in the Annales de Chimie et de 
Physique, Séme Série, T. xviii. 1846, p. 225.) Ina 
manuscript of Borda’s on the subject of his expedition to 
the Canaries in 1776, (preserved in the Dépdt de Ja Marine 
at Paris, and for the communication of which 1 am indebted 
to Admiral Rosily), I have found the proof that Borda made 
the first attempt to examine the influence of height on this 
magnetic element. He found the inclination on the summit 
of the Peak of Teneriffe 1° 15’ greater than in the port of 
Sarita Cruz,—a difference, no doubt, in great part at lenst, 
the consequence of the local attraction of the lavas, similar to 
that which I have myself often observed on American 
voleanoes and on Vesuvius. (Humboldt, Voy. aux Rég. 
Equinox. T. i. pp. 116, 277, and 288.) 

With the view of trying the analogous question of the 
influence of depth below the earth’s surface, being at Frei- 
berg in July 1826, I made observations of the inclination 
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with the greatest care of which Iam capable, and always 
reversing the poles of the needles, in a mine in which the 
strictest examination could detect no influence of the rock 
(gneiss) upon a magnetic needle. The depth below the 
surface was 802 French feet. The difference of the subterra- 
nean inclination from that observed at a point immediately 
above it is, indeed, only 206, but from the preeantions 
taken in the whole proceeding, the results of the several 
needles which are stated in a note,('**) induce me to 
believe thatthe inclination is really greater below than at the 
surface. It is very desirable to repeat similar trisls with 
care, iff favourable localities and where it can be ascertained 
that the strata ure free from all local influence, in mines of 
greater depth,—as that of Valenciana, near Guanaxuato in 
Mexico, 1582 French feet,—in English coul mines more 
than 1800 feet decp,—orin the now ruined Eselschacht, (#46) 
at Knttenberg in Bohemia, 8545 French fect in vertical 
depth! 

After a violent earthquake at Cumans, on the 4th of 
November, 1799, 1 found the inclination was diminished 
90 centesimal minutes, or nearly a whole degree. The 
circumstances under which I obtained this result, of 
which T have given elsewhere an exact relation,(!7) offer no 
sotisfectory reason for supposing an error. A short time 
after landing at Cumana, I hud found the inclination 
43°53 (Centesimal). The accident of having seen, a few 
days before the earthquake, in an otherwise estimable 
Spanish work, Mendoza’s Tratado de Navegacion, T. ii. 
p. 72, the erroneous opinion, that the diurnal and annual 
variations of the inclination are greater than those of the 
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declination, had occasioned me to institute, in the harbour 
of Cumana, a series of careful observations. Prom the 
Ast to the 2nd of November the inclination cdntinued with 
great. steadiness to show a mean amount of 43°65. The 
instrument remained untouched and properly levelled, in 
the same place. On the 7th of November, three days after 
the strong earthquake shocks, the instrament, after being 
Jovelled afresh, gave 42°75. The intensity of the magnetic 
force, measured by vertical oscillations, was unaltered. I 
hoped that the inclination would return, perhaps gradually, 
to its former value; but it remained the same. On return- 
ing to Cumana in September 1800, after travelling by 
river and Jand journeys on the Orinoco and Rio Negro 
upwards of two thousand geographical miles, the same 
dipping-needle of Borda’s, which had accompanied me every- 
where, gave the inclination 42°40,—very nearly the same as 
in the last observation before it left Cumann. As mechanical 
agitations and electric shocks, by altering the molecular con- 
dition in soft iron, clicit poles, so we may conceive it possible 
thnt there may be a connection between, the direction of 
magnetic currents and that of earthquake shocks; but 
although my attention was strongly directed towards a 
phenomenon of the objective reality of which I had in 
1799 no reason to doubt, yet, in the numerous earthquake 
shocks which I experienced during the three years subse- 
quently passed in South America, I never again met with » 
sudden alteration of the magnetic inclination which I could 
ascribe to such a cause, various as were the directions in 
which the undulatory movement of the terrestrial strata 
was propagated. A very accurate and experienced observer, 
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Erman, also found, after an earthquake on Lake Baikal on 
the 8th of March, 1828, no disturbance either in the amount 
of the declination or in its periodic varistion.(*) 


Declination, 


T have already touched, in the earlier part of the present 
volume, on the historical facts of the enrliest recognition of 
phenomena relating to the third element of terrestrial 
tmagnetism,—the declination. In the 12th century of our 
era, the Chinese were not only acquainted with the fact of 
the deviation of a horizontal magnetic needle, suspended by 
a cotton thread, from the geographical meridian, but they 


also knew how to determine the umount of this deviation. 
When aflerwards, by the intercourse of the Chinese with 
the Malays and Indians, and of these with the Arabs and 
the Moorish pilots and navigators, the use of the mariners’ 
compass became common among the Genoese, Majorcans, 
and Catalans in the Mediterranean, on the west coast of 
Africa, and in the Northern Seas, indications of the varis- 
tion (or declination) came to be introduced in nantical 
charts of different parts of the ocean, even as early ax 
1436.0) The geographical position of a line of no 
variation, on which the needle pointed to the true north or 
pole of the Earth's rotation, was determined by Columbus 
on the 18th of September, 1492: it even did not escape 
him that the knowledge of the magnetic declination might 
serve to determine the geographical longitude. I have 
shown elsewhere, from his ship’s journal, that on his second 
suyage (April 1496), when uncertain about his ship's 
reckoning, he sought to sid himself by observations of 
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declination.(%°) ‘The horary variations or changes of decli- 
nation were recognised as facts by Hellibrand and Tachard, 
at Louvo, in Siam; they were first observed, circumstan- 
tially and almost satisfactorily, by Graham in 1722. Celsius 
was the first who arranged concerted simultaneous measure- 
ments of these variations by different observers at two 
distant points, (1) 

Passing now to the phenomena presented by the declina- 
tion of the magnetic needle, we will consider them, first, in 
reference to their variations according to the hours of the 
day or night, the seasons of the year, and their mean state 
in different years; next in regard to the influence exercised 
on those variations by the extraordinary, and yet periodic, 
distarbunces, and by the position of the places of obser- 
vation to the north or south of the magnetic equator; and 
lastly, we will consider them according to the linear relations 
of places on the earth’s surface having equal, or (it may be) 
no, declination. These linear relations are indeed thut part 
of the acquired knowledge which is the most important in 
its direct and practical application to navigation; but all 
the general magnetic phenomena (ainong which the extra- 
ordinary disturbances, or magnetic storms, acting often 
simultaneously at such great distances, are among the most 
mysterious), are 80 intimately connected together, that, with 
a view to the gradaal completion of the mathematical 
theory of terrestrial magnetism, we should neglect noue of 
them, 

In the middle latitudes of the northern magnetic hemi- 
sphere (dividing the earth at the magnetic equator), the 
north end of the needle, i.e. the end which points in those 
Jatitudes towards the north, paints more to the east at 
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$}4.04.(20} natronomicul reckoning) than at any other hour, 
making then the nearest-approach to the true or geographical 
north at all places where the declination is westerly, From 
thot hour this end of the needle moves gradually westward 
until 1} v.st,, when it reaches its most westerly elongation. 
‘This movement to the westward is general; it takes place 
in the same direction at all places in the middle latitudes of 
the northern hemisphere, whether they have west declination, 
as the whole of Europe, Pekin, Nertschinsk, and Toronto 
in Canada; or cast declination, as Kaan, Sitka (in Russian 
America), Washington, Marwato in New Granads, and 


which, ns already stated, is at 20} h. astr., or 8f a.m. This 
nocturnal period, which was formerly quite overlooked,—a 


when I was occupied there with Gay-Lussac in examining 
the horary variations of the declination with a Prony’s 
‘The needle being generally more 

is below the horizon, this small 

movement to the west presents itself on that 

Jess frequently and less distinctly to the 

of the observer. When it docs show itself 

I have noticed it to be unaccompanied by any 
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agitation of the needle, Quite differently from what is the 
case during what I have termed magnetic storms, the needle 
in this small westerly night excursion travels quietly from 
one scale division to another, just as it does in the well- 
assured and strongly characterised day movement between 
20}h. and 1¢h. It is very noticeuble, and well deserving 
of attention, that when the needle exchanges its continuous 
westerly movement for an easterly one, or wice-versd, it 
does not remain for a time without altering its direction, 
but (especially in the case of the 20h. to 1} h. period) 
turns suddenly back. The small westerly movement 
usually takes place between midnight and carly morning; 
but it has been noticed in Berlin, in the Freiberg subterra- 
nean observations, at Greenwich, at Makerstoun in Scotland, 
at Washington, and at Toronto, as early as between 10 and 
11, or 11 and 12 hours. 

‘The four movements of the declination-needle recognised 
by me in 1805('5*) are presented as the result of many 
thousand two-hourly observations made at Greenwich in the 
years 1845, 1846, and 1847, four turning hours being 
there assigned as follows(!5):—Principal minimum of 
westerly declination at 20h. ; principal maximum at 2 b.; 
secondary minimum at 12h, or 14h; secondary maximum 
at 14h. or 16h. (the declination being westerly). I must 
here content myself with giving the mean hours, and calling: 
attention to the circumstance that in our northern zone the 
hour of the principal morning minimum (20 hb.) is not at 
all altered by the earlier or later time of sunrise, During 
two solstitial and three equinoctial periods, for ench of 
which Oltmanns and myself followed the march of the 
horary variation of the declination for five or six days'and as 
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many nights, I always found the easternmost turning-point 
of the needle, in the summer as in the winter months, 
between 19$ b. and 20$ b.; being very slightly,() if it 
might be said to beat all, accelerated, by the earlier time of 
sunrise in the summer. 

In the’ high northern latitudes, near or within the arctic 
cirele, the regularity of the horary variation has been as 
yet but imperfectly made out, although we possess a number 
of very exact observations. In Iceland, Lottin, in the 
French scientific expedition of the ‘Lilloise’ in 1836, was 
almost afrtid (considering the local influence of rocks, and 
the frequency of Auroras) to derive any determinate results 
in respect to the turning hours, cither from his own 
extensive and laborious observations, or from the earlier 
ones (1786) of the meritorious Léwentirn. On the whole, at 
Reikiavik, in Iceland, lat, 64° 8’, a3 well as at Godtheab on 
the Greenland coast necording to the missionary Genge’s 
observations, the minimum of westerly declination appears 
to fill almost as in the middle latitudes, at 21h. or 22h., 
but the maximum not until 9h. or 10h. in the evening. (156) 
Further to the north, at Hammerfest, in Finmarken, in 
Ist. 70°40’, Sabine found the march of the declination 
tolorably regular,(!47) and similar to that in the south of 
Norway and in Germany; westerly minimum at 21 h., 
westerly maximum at 1) h.; but he found it very different 
in Spitzbergen in lat. 79°50, where the corresponding 
turning hours were 18h. and 7£b. For the Arctic Islands 
north of America, we have at Port Bowen, on the eastern 
side of Prince Regent’s Inlet (lat. 73° 14’), from Captain 
Parry's third voyage (1825), o fine series of five months’ 
consecutive observations by Lieuts. Foster and James Ross: 

o2 
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but although the needle passed twice in the twenty-four hours 
through the direction regarded as the mean magnetic 
meridian of the place,—and although for fully two months 
(April and May) no Aurora was seen,—yet the times of the 
principal elongations varied from four to six hours; nay, more, 
the mean epochs of the maxima and minima of west declina- 
tion from January to May were only one hour apart! The 
amount of variation was so great that on some days the 
declination varied from 14° to 6° and 7°; (within the 
tropics the differences hardly reach as many minutes, (*5*) 
Not only within the polar circle, but also within the tropies, 
e. g- at Bombay (lat. 18° 56’), there is great complexity in 
the periods of the horary variation of the declination. They 
there fall under two principal classes, being very different 
from April to October and from October to December ; and 
these again subdivide into two minor periods, which are 
far from being welf detined. (#52) 

European nations knew from their own experience nothing 
respecting the direction of the magnetic needle in the 
southern hemisphere until the second half of the 15th 
century, when through the adventurous voyages of Diego 
Cam and Martin Behaim, Bartholomew Diaz and Vaseo 
de Gama, some slight notice on the subject reached Europe. 
‘The importance which, as we learn from their early writers, 
was attached to the south end of the magnetic needle by the 
Chinese (who, as well as the inhabitants of Corea and of 
the islands of Japan, guided themselves at sen as wellas 
on land by the compass as early as the 8rd century of onr 
era), was no doubt oceasioned principally by the cireumstance 
that their navigation was mainly directed to the south and 
south-west, On these southern voyages it had not escaped 
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them that the south end of the needle by which they 
steered did not point precisely due south. We have even 
the statement belonging to the 12th century, from one of 
their determinations, of the amount of the “ variation to the 
south-east.”(160) The extension of the use of the mariners’ 
compass was much favoured by the very ancient connection 
of China and India with Java,('*) and in a still greater 
degree by the visits of people of Malay race to Madagascar, 
and their settlements there. 

Although, judging from the present very northerly position 
of the magnetic equator, it is probable that when the mis- 
sionary Guy Tachard remarked the existence of horary 
variations of the declination in 1682 at the town of Louvo 
in Siam, that place was nearly out of the northern magnetic 
hemisphere,—yet it must be acknowledged that accurate 
horary declination-observations were not made in the south- 
ern magnetic hemisphere until a full century later. In 1794 
and 1795, John Macdonald followed the march of the 
needle both at Fort Marlborough on the south-west coast 
of Sumatra, and at St. Helena.(!6) The results then 
obtained called the attention of physicists to the great 
decrease in the amount of the diurnal variation of the decli- 
nation in the lower latitudes ; the differences between the 
extremes at these stations amounting only to 3 or 4 minutes. 
A more comprehensive and deeper knowledge of the phe- 
nomenon was gained by the scientific expeditions of Freycinet 
and Duperrey ; but it is the establishment of magnetic ob- 
servatories at three important points of the southern magnetic 
hemisphere,—at Hobarton in Van Diemen Island, at St. 
Helena, and at the Cape of Good Hope (at which places 
hourly observations on the variation of the three elements 
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of terrestrial magnetism have been made on a uniform system 
for several years),—which has first supplied general and com- 
plete data. The march of the necdlein the middle latitades 
of the southern magnetic hemisphere is quite the opposite 
of its march in the northern hemisphere ; for asin the south, 
the end of the needle which points towards the south moves 
from morning to noon from the east towards the west, it 
follows that the north-pointing end of the same needle is 
moving at the same time from the west towards the east, 
contrary to what we have described above as its march 
during those hours in our own hemisphere. 

Sabine, to whom we are indebted for the sagacious dis- 
cussion of all these variations, has so combined five years 
of hourly observation at Hobarton (42° 53’ S. lat., 9°57 
E. deck.) and at Toronto (43° 39 N, lat., 1°33" W. deel,), 
that the periods from October to February and from April 
to August are distinguished from each other, the omitted 
intervening months of March and September presenting, as 
it were, transitional phenomena. At Hobarton the north 
end of the needle has daily two easterly and two westerly 
maxima of elongation.(#) In the portion of the year 
from October to February, the movement takes place towards 
the east from 20h. or 21h. to 2h. ; there is then a small move- 
ment towards the west from 2h. to 11h., from 11h, to Loh. 
again to the cast, and from 15h. to 20h. the needle returns 
tothe we®. In the portion of the year from April to August 
the eastern turning hours are retarded to Sh. and 16h., and 
the western turning hours are made earlier, being at) 22h, 
and 11h. In the northern hemisphere, the westward move- 
ment of the needle from 20h. to 1h. is greater when the Sun 
isin the northern than when he is in. the southern signs: 
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in the southern hemisphere, where between those two hours 
the direstion of the movement of the needle is an opposite 
one, its amount is greater when the San is in the southern 
than when he is in the northern signs. 

‘The question which I touched upon seven years ago in 
Vol. i. of this work(),—i. e, whether there be # region of 
the earth, perhaps between the geographical and magnetic 
equators, in which, asa transitional region between the parts 
of the carth in which the declination-needle moves at the 
same hours in opposite directions, wo horary variation might 
be found ?—appears from subsequent experience, and es- 
pecially from Sabine’s perspicuous discussion of the obser- 
vations at Singapore (l° 17’ N. Ist.), at St. Helena 
(15° 56" S. Int), and ar the Cape ot Good Hope (33° 56° 
8. lat.), to require to be answered in the negative. Hitherto 
no place has been found at which the needle is without 
diarnal movement (horary variation) ; and through the estab- 
lishment of the magnetic stations we have been made aware 
of the important ana very unexpected fact, that there are in 
the southern magnetic hemisphere places at which the diurnal 
variation of the maguetic needle appears to participate in the 
phenomena, or to conform to tie type, of either hepisphere 
alternately, The Island of St. Helena is situated very near 
to the line of weakest intensity of the earth’s magnetic force, 
inn port of the earth where that line recedes widely both 
from’ the geographical equator and from the line of no 
inelination. At St. Helena, the march of the north end of 
the needle in the hours of the forenoon, in the months 
from May to September, is the opposite of the march fol- 
lowed byithe same end of the needle in the oorresponding 
hours from October to February. According to five years 
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of hourly observation in the first-named portion of the year, 
viz. from May to September, while the Sun is in the northern 
signs, being the winter of the southern hemisphere, the 
declination-needle points at 19h. furthest to the east of its 
mean direction, and from that hour moves as it does in the 
middle latitudes of Europe and North America towards the 
teest until 22h., and remains nearly stationary until 2h, 
On the other hand, in the opposite portion of the year, from 
October to February, the summer of the southern hemisphere, 
when the Sun is in the southern signs, and the Earth is nearest 
to the Sun, the needle points at 20h. most to the mest, and 
its movement from thence to noon is to the east, pre. 
cisely in accordance with the type of Hobarton (in 42° 63° 
S. lat.) and other places in the middle latitudes of the 
southern hemisphere. At the time of the equinoxes, orsoon 
after, in March and April, and in the latter portion of Sep- 
tember, the march of the needle fluctantes on different days, 
forming periods of transition from the type of the southern 
to flint of the northern, and from that of the northern to 
that of the southern hemisphere. ('%) 

Singapore is situated a little to the north of the geogra- 
phical equator, between it and the magnetic equator, which 
in this part of the earth is almost coincident, according to 
Elliot, with the line of least foree. According to the ob- 
servations made every two hours at Singapore for the years 
1841 and 1842, Sabine finds there the same opposite types 
in the diurnal march of the needle from May to August, and 
from November to February, as at St. Helena; and so also 
at the Cape of Good Hope, although the latter station is 34° 
from the geographical equator, and doubtless still further 
from the magnetical one (the magnetic dip at the Cape 





TERRESTRIAL MAGEETISH. 135 


being 58° S.) ; and the San of course never passes through 
its zenith.(1) We already possess several vears of published 
hourly observations, from which it appears that at this station, 
almost precisely as at St. Helena, the needle from May to 
September moves westward from its extreme eastern position 
at 19th. until 23th.; and from October to March the 
movement is, on the contrary, eastward from 20;h. to 14h. 
or 2h, The discovery of this phsenomenon, of which the 
existence is so well demonstrated, while at the same time 
its causal connection is still veiled in such profound obscurity, 
shows forcibly the importance of the system of hourly ob- 
servations continued uninterruptedly for several years. 
Disturbances which, as we shall presently see, deflect the 
needle persistently, at one time to the west and at another 
to the east, would prevent any well-acsured inferences being 
derived from isolated observations by travellers. 

The extension of navigation, and the use of the compass 
in geodesical surveys, led very early to the remark of oc- 
casional extraordinary disturbances in the direction, accom- 
panied by fluctusting, starting, or tremulous movements, of 
the needles employed. This used to be ascribed to a certain 
condition of the particular needle: it was very characteris- 
tically termed, in the French nautical language, “ 1’affolement 
de Vaiguille,” and it was recommended that “ une aiguille 
affolée” should be magnctised afresh, and more powerfully. 
Halley was the first who stated the Aurora to be a magnetic 
phznomenon(*),—on the occasion of his being asked by the 
Royal Society of London, to explain the “great meteor” of 
the 6th of March, 1716, seen over the whole of England, and 
which, in his reply, he considered to be “analogous to that 
to which Gassendi in 1621 had first given the name of Aurora 
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borealis.” We know from his own statement that prior to 
1716 Halley had never seen either a northern or a southern 
Aurora ; although, in his voyages for determining the decli- 
nation lines, he had advanced to the 52nd degree of south 
latitude :—and southern Auroras are assuredly sometimes 
seen within the tropics, as in Peru. It would appear, there- 
fore, that Halley had never himself observed the remarkable 
disturbances and fluctuations of the needle in conjunction 
with seen (or unseen) northern or southern Auroras, 
Olay Hiorter and Celsius, at Upsala, were the first who, 
in 1741 (before Halley’s death), confirmed by a long 
series of observations the connection between a visible 
Aurora and disturbance from the normal march of the 
magnetic needle, which was only conjectured by Halley, 
This meritorious undertaking gave occasion to the first 
concerted simultaneous observations in conjunction with 
Graham in London: extraordinary disturbances of the de- 
clination accompanying displays of Aurora were examined 
specially by Wargentin, Canton, and Wilke, 

Observations which I had the opportunity of making 
together with Gay-Lussac in 1805, at Rome, on the Monte 
Pincio, and more particularly a more extensive series which 
Iwas thereby led to undertake in conjunction with Oltmanns, 
at the equinoxes and solstices of 1806 and 1807, in a large 
and well-detached garden at Berlin (employing a magnetio 
telescope of Prony’s, and a distant point of reference well illu- 
minated by a lamp),—made me early aware that that part of 
the tellurio magnetic activity described under the general name 
of ‘extraordinary disturbances,” which acts so powerfully 
at particular periods and in no merely local manner, deserved, 
and from its complicated character required, a persistent 
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system of examination. The arrangement of the mark and 
ef the cross of wires in the telescope, which was suspended 
by either a silken or metallic thread, and enclosed in a large 
giees case, permitted readings to be taken to eight seconds 
of are. In this method of observation, the room in which 
the magnetic telescope was placed might be left dark, thus 
avoiding the disturbing effects of currents of air, which may 
be occasioned by the means required for illuminating the 
seale of otherwise excellent declinometers furnished with 
mieroscopes. Entertaining the opinion which { then ex- 
pressed, that “a continued uninterrapted hourly or half- 
hourly process of observation (observatio perpetua) for several 
days and nights was to be preferred to the detached observa- 
tions of many months,” we observed consecutively for five, 
seven, or eleven days, and as many nights,(") at the periods 
of the solstices and equinoxes, epochs of which all the most 
recent investigations have confirmed the great importance. 
We soon recognised, that in order to study the proper phy- 
tical character of these anomalous disturbances, it was not 
sallicient to determine the messare or quantity of the devia- 
tion from the change in the declination, but that there should 
be added thereto a namerical estimate of the degree of in- 
qeietude of the needle, by noting the elongation of its os. 
Glistory movements. We found the ordinary diurnal march 
of the needle so quiet, that smong 1500 results drawn from 
6000 observations, from the middle of May 1806 tothe end 
of Jane 1807, the oscillations were mostly only of half a scale 
Grision, or 1 12", The needle was often quite still, 
& moving only 02 or 03 of a scale division during 
vey and rainy weather; but on the arrival 
off the magnetic storm, o! which the more intense and later 
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manifestation is the Aurora or polar light, the oscillations were 
from 14 to 38 minutes of are, each oscillation being performed 
in from 1! to 8 seconds of time. On many occasions the 
magnitude and inequality of the oscillations, which extended 
far beyond the limits of the divided scale on one or other, or 
‘on both sides, made any observation impossible.() Por ex- 
ample, on the night of the 24th of September, 1806, this was 
uninterruptedly the case from 14h. 40m. to 15h. $2m., and 
again for the still longer interval from 15h. 57m. to 17h. 4m. 

Most often in magnetic storms (the ‘* unusual” or “larger 
magnetic disturbanees””) the middle point of the arcs of 
oscillation was in course of constant though unequal progress 
to one or the other side, 7. e. east or west; but in other 
and more rare cases, extraordinary oscillations were remarked 
without any increase or decrease of the declination,—that is 
to say, without displacement of the middle point of the 
oscillations from its normal place at the particular hour. 
After a long time of comparative repose, we sometimes saw 
very unequal movements take place suddenly (describing 
arcs of from 6 to 15 minutes, the different magnitudes being 
either alternately or irregularly intermixed), and then the 
needle would as suddenly become calm again. Tt was st 
night that such alternations of total repose, and violent 
fluctuation without progressive movement towards either 
side, were particularly striking.(°) Another peouliar 
modification of these movements should be mentioned ; it 
occurred very rarely, and consisted in a particular kind of 
affection of the inclinntion of the north end of the needle, 
continuing for 15 or 20 minutes of time, with only very 
moderate horizontal fluctuations, or even with an entire ab- 
sence of any. In the registers of the British observatories, 





Tt appeared to me, that the averuge hour of the oceurrence 
of the larger magnetic disturbances at Berlin was the third 
hour after midnight, and that they ceased most usually at 
6 ast. We observed small disturbances in the afternoon 
between 5 and 7 vat, often on the same days in the 
month of September when there ensued after midnight such 


magnetic “ storms,” that the magnitude and rapidity of the 
eacillations made any reading, or any appreciation of the 
middle paint of the oscillation, impossible. I was very enrly 
to convinced that the magnetic storms occur in groups, re- 
turning on successive nights, that I announced this peou- 
linrity to the Berlin Academy, and invited friends to visit 
me nt predetermined hours, to enjoy the sight of the 
plienomenon: and our expectations were more often 
realised than disappointed.(!7#) Kupffer, during his journey 
to the Caucasus in 1829, and afterwards Kreil, in his valu- 
able Prague observations, corroborated this disposition of 
the magnetic storms to return at the same hours.(}7) 
Since the establishment of the British Colonial magnetic 
observatories, the rich mass of materials which they 
have afforded, and the able treatment of these materials 
by Colonel Sabine, have caused the facts relating to the ex- 
teaordinary disturbances of the declination, which I had 
recognised only in a general manner in my equinoctial and 
solstitial observations of 1806, to become one of the most 
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important of the acquisitions which have been gained towards 
a complete knowledge of terrestrial magnetism. Sabine 
has distinguished the disturbances, in the results of both 
hemispheres, into classes, according to the hours of their 
oceurrence, whether in the day or in the night,—the seasons 
of the year,—and the direction in which they deflect the 
needle, whether to the east or to the west. At Toronto 
and at Hobarton, the disturbances were twice as great, both 
in frequency and value, in the night as in the day,(*7) as 
in the older observations at Berlin; but in from 2600 to 
8000 disturbances at the Cape of Good Hope, and more 
particularly at St, Helena, the direct contrary was the case, 
as shown by a similarly thorough investigation of the phw- 
nomena at those observatories by Captain Younghusband, 
At Toronto, the principal disturbances were observed, on the 
average, from midnight to 5 in the morning; occasionally 
only they were observed earlier, between 10 p.at.and mid- 
night,—predominating, therefore, in the night at Toronto as 
at Hobarton. Aftera very laborious and well-devised examina- 
tion of 3940 disturbances (of the declination) at Toronto, and 
$470 at Hobarton, taken from six years of observation, 1843 
—1848, (the observations selected as disturbed making the 
ainth and tenth portions of the entire mass), Sabine has 
drawn the conclusion, () that the disturbances belong ton 
peculiar class of periodically recurring variations, following 
recognisable laws dependent on the position of the Sun in 
the ecliptic, and on the diurnal rotation of the Earth upon its 
axis; that they ought mo longer to be called irregular 
movements ; and that we may distinguish in them, together 
with a particular local type, general processes affecting the 
whole globe. In regard to the different amount of disturbsnce 
in different years, the same years in which the disturbances 
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were most frequent at Toronto in the northern hemisphere 
were also those in which they were most numerous at 
Hobarton in the southern hemisphere,—and that nearly in 
an equal degree. In regard to the differences in different parts 
of the year, the disturbances were, on the whole, twice as 
numerous at ‘Toronto in the summer months of the station 
{April to September), as in its winter months (October to 
March), (In my Berlin observations of 1806 the greatest 
number in any month belonged to the month of September 
af the time of the autumnal equinox.) () They are more 
rare in the winter months of each station ; #. e. more rare from 
November to February at Toronto, and from May to August 
at Hobarton. The times of the Sun’s passage over the equator 
wre also, uecording to Captain Younghusband, in a high degree 
remarkable for the greater frequency of disturbances at St. 
Helena and the Cape of Good Hope. In the higher latitudes 
of both hemispheres the disturbances are less frequent in the 
winter than in the summer, é-e. less frequent at Hobarton from 
May to September, and at Toronto from November to March, 
A most important featare in the phenomenon also first 
made known by Sabine, is the regularity, in both hemi- 
spheres, of the disturbances in the direction of the needle 
either to the east or to the west. At Toronto, where there 
was n small west declination (1° 33°), the number of distur- 
ances which deflected the needle to the east preponderated 
in summer (June to September), and that of those which 
deflected it to the west, in winter (December (o April) ; 
and this: in no inconsiderable ratio—411: 290, The case 
is similar ut Hobarton, according to the seasons of the 
southern hemisphere. In the winter months of that station 
(May to August) the disturbances are strikingly loss fre- 
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quent.("7) ‘The analysis of six years of observation at the two 
opposite stations of Toronto and Hobarton, has conducted 
Colonel Sabine to the remarkable result,—that in both 
hemispheres, not only the number of disturbances, but also 
the amount of average diurnal variation from the mean 
or normal place and the Jeter (obtained from all the obser- 
vations of the year omitting the 3469 storms), inerensed grax 
dually in the five years from 1843 to 1848, from 7°65 to 
10°53; and that simultaneously with this a similar increase 
could be traced in the variations of the inclination and of the 
total force. ‘This result gnined a yet higher degree of impor+ 
tance when he found both a confirmation and a 

of it in Lamont’s detailed investigation of Sept. 1851, “ona 
decennial period presented by the diurnal movement of the 
declination needle.” According to observations at GUttingen, 
Munich, ond Kremsmiinster,('*) the mean amount of the 
diurnal variation of the declination was at s minimum from 
1843 to 1844, and at a maximum from 1848 to 1549. 
After the declination has increased five years, it decreases 
for the same number of years, as is shown by series of 
observations which lead back to a maximum in 17864.(%) 
Tn order to find a general cause for such a perioilicity 
in all the three clements of terrestrial magnetism, one is 
inclined to have recourse to some cosmical connection. 
Such a connection is found, according to Sabine’s con- 
jecture,(®) in the variations which take place in the photo- 
sphere of the Sun, #. ¢. in the luminous gaseous envelopes 
of the dark solar orb ; for, according to Schwabe's rescarches, 
extending over a long series of years, the periods of greatest 
and least frequency of the solar spats coincide perfectly with 
those discovered in the variations of terrestrial magnetistn, 
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Sabine was the first to call attention to this accordance or 
coincidence, in bis paper presented to the Royal Society of 
London in March 1952. Schwabe said, in a passsge with 
which he enriched the astronomical portion of my Cosmos, 
“There is no doubt that, at least from the year 1926 to 
1350, the solar spots have shown a period of about ten years 
with maxims in 1528, 1837, and 1848, snd minima in 
1853 and 1443."(!) Sabine also sagaciously adduces, in 
confirmation of the powerful direct influence of the Sun upon 
terrestrial mognetism, the remark that in doth hemispheres 
the period when the intensity of the Earth's magnetic force is 
greatest, and the direction of the needle most ucar to the ver- 
tical, is in the months from October to February, which is just 
the period when the Earth is nearest to theSun, and is moving 
‘with the grestest velocity in its orbit.) 

‘The simaltaneity of many magnetic storms, spparently 
propagated instantaneously between places many thousand 
males spart, and even almost round the entire globe (ss on 
the 25th of September, 1841, between Cunada, Bohemia, 
Cape of Good Hope, Van Diemen Island, und Macao), has 
been already treated of in Vol. i.(): examples were also 
cited of cases in which the perturbation appeared to have a 
more local character, extending from Sicily to Upsala, but not 
beyond Upsala to Aliyn or Lapland. In the simultaneous 
observations of declination arranged by Arago and myself in 
1829, to be made with similar instruments of Gambey’s at 
Berlin, Paris, Freiberg, St. Petersburg, Kasan, and Nicolaieff, 
some considerable perturbations showed themselves at Berlin 
which did not extend to Paris, or even to amine at Freiberg 
where Heich was making subterranean magnetic observations. 
Great deflections and oscillations of the needle accompanying 
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Auroras at Toronto, were synchronous with magnetic 
storm at Kerguelen Island in the southern hemisphere, 
but not at Hobarton. Considering the all-pervading 
character of magnetic as well as gravitating force in all 
matter, it seems indeed difficult to form a clear concep- 
tion of any obstacles to the propagation of magnetic 
force through the globe, analogous to those which im- 
pede the undulations of sound, or those which intercept’ 
earthquake waves, so that at some nearly adjacent places 
the earthquake shocks have never been known to oceur 
simultaneously.(™) May it be that the intersection of 
magnetic impulses may oppose their propagation? 

T have described both the regular and the seemingly 
irregular movements presented by horizontally-sus- 
pended needles, Having examined the regular periodi- 
cally-recurring march of the needle, and found the mean 
direction around, or, in other words, on either side of 
which the oscillations have taken place—say from one 
solstice to the return of the same solstice in the follow- 
ing year—this mean direction is the magnetic meridian 
of the place for the given year, The comparison of the 
angle made by the magnetic meridians of different 
places on the globe with their geographical meridians, 
first led to the recognition of “ variation-” (#, ¢, declina~ 
tion-) lines of strikingly different values (which Andrea 
Bianco in 1436, and Alonso de Santa Cruz, the cosmo- 
grapher of the Emperor Charles V., thus early attempted 
to enter on churts); and subsequently to the ly 
devised generalisation of isogonie curves, or lines of equal 
declination, to which the grateful recollection of English 
navigators long gave the bistoric name of “ Halleyan 
lines.” Among these lines of various curvature, running 
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in some places almost parallel to each other, more rarely 
returning into themselves, and, where they do so, form- 
ing closed systems of an oval form, especial attention has 
been given to the lines on which the declination is 0°, 
at all points of which the direction of the compass- 
needle is that of true or geographical north and south, 
—and in receding from which lines on either side, 
opposite declinations are found (i e. east declinations 
on one side, and west on the other), the amount of 
declination increasing unequally with increased dis- 
tance.('*) I have shown elsewhere how Columbus's 
first discovery of » “line without variation” in the 
Atlantic Ocean, on the 13th of September 1492, gave an 
impulse to the study of terrestrial magnetism, ~ which, 
however, for two centuries and a half was directed 
solely towards the improvement of ships’ reckonings. 
Greatly as in modern times the higher scientific 
training of navigators, and the improvements which 
have taken place in instruments and in methods, have 
extended our knowledge of detached parts of the lines 
of no declination in the north of Asia, the Indian 
Archipelago, and the Atlantic Ocean, yet in this de- 
partment of knowledge, where the want of a general 
or cosmical view is felt, there is still reason to com- 
plain. of slowness of progress, and absence of the desired 
completeness in the research. Iam aware that a count- 
leas number of observations, made during accidental 
passages across the lines of no declination, have been 
entered into ships’ journals; but comparison and com- 
bination of the materials are wanting ;— nor can the 
results of such a labour (even supposing it to be under- 
taken), either on this subject, or on that of the position 
VoL. Iv. x 
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of the line of no inclination for a definite epoch, have 
all the desired importance, until ships charged with 
the sole duty of tracing these lines uninterruptedly 
thronghout their course shall be sent contempom- 
neously to different seas, I here renew a solicitation 
to which I have repeatedly permitted myself to give 
free expression. ('*) For systematic investigations in 
terrestrial magnetism it is of primary importance that 
the determinations should be contemporaneous, 
According to our present general knowledge of the 
“lines of no declination,” instead of four such lines 
running as meridians from pole to pole, as was sup- 
posed at the end of the 16th century, ("") there appear 
to be three very differently shaped systems, using the 
word “system” in this case to denote a group of 
isogonie lines which include a line of no declination 
unconnected, so far as we know, with any other such 
line. Of these three systems, which I shall presently 
describe separately, the Atlantic one consists simply of 
& line of no declination directed from SSE. to NNW., 
and recognised as extending from the 65th degree of 
south to the 67th degree of north Istitude. The second 
system is situated fully 150 degrees to the eastward of 
the first (looking in both cases only at the points of 
intersection of the lines of no declination with the 
geographical equator); it is the broadest and most 
complex system, and occupies the whole of Asia and 
Australia, It has one summit directed to the north, 
mi one to the south: in the north-eastern part the 
line of no declination takes an oval shape, and returns 
into itself, surrounding lines of successively and rapidly 
increasing declination. The cast and west sides of this 





that year, or reduced to it by careful allowance for 
seenlir change. Tracing this line of no declination 
from its most southern known point (in lat. 70° 8., 
where it wax found in about 19° W, long.), (!") it rann 
NNW. to 3° west of Cook's Sandwich Land, and to 91° 
enat of South Georgia; it then approaches the Brazilian 
| Const, which it enters at Cape Frio, two degrees east of 
Rio Janeiro; continues within the South American 
continent to S. lat. 0° 36’, and quitting the continent 
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again a little to the east of Para, near Cape Tigioea, at 
one of the mouths of the Amazon (Rio de Para), it cuts 
the geographic equator in 48° 30’ W. long., and rans at 
a distance of nearly ninety miles from the const of 
Guyana up to 5° of North latitude, from whence, follow- 
ing the curve of the smaller West-Indian Islands, it 
ascends to 18° N, lat., and passes from thence to the coast 
of North Carolina, which it enters in lat. 34° 50’, W. long. 
76°-30’, near Cape Lookout, south-west of Cape Hatteran, 
In the interior of North America this curve continues its 
north-west direction to lat. 413°, long. 80°, ‘towards 
Pittsburgh, Meadville, and Lake Erie. There is reason 
to suppose that it may already have moved, in some 
parts of its course, more than a degree to the west since 
1840, 

The Australo-Asiatic curve of no declination,—if, with 
Erman, we regard the line which at Kasan trends north- 
wards to Archangel and Russian Lapland, as part of the 
same line which passes the Moluccas and the Sea of 
Japan, — can searcely be traced in the southern hemi- 
sphere so for as the 62d degree of latitude, Its mont 
southern known point is more to the west of Van 
Diemen Island than was previously supposed. The 
three points at which Sir James Ross, (') in his ant- 
arctic voyages of discovery, crossed it in 1840 and 1841, 
in the parallels of 62°, 544°, and 46°, were all between 
the longitudes of 133°20' and 135°40’ East, showing an 
almost north and south direction in this part of ite 
course. It then traverses Western Australia, entering 
the south coast of Nuyts Land (about ten degrees west 
of Adelaide), and quitting the northern const near 
‘Vansittart River and Mount Cockburn, From hence it 
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enters the Indian Archipelago, where the declination, 
inclination, total foree, and line of minimum intensity of 
the total force, and of maximum intensity of the hori- 
zontal foree, have all been investigated with admirable 
exactuess, in 1846—1848, by Captain Elliot. Here the 
line of no declination pases immedintely to the south of 
the Island of Flores, through the small “ Sandal Wood” 
Teland, (") and from 120° to 94° E, long. in a due east 
and west direction;—as, indeed, Barlow had lnid it down 
correctly sixteen years before. From the last-named 
meridian, and sbout 9}° S. lat, it seems probable — 
judging by the line of 1° E, declination which Captain 
Elliot has traced up to Madras —that the line of no 
declination takes a new direction trending to the north- 
west. Itis imposible at present to form any certain 
conclusion as to whether, in its further prolongation, it 
ute the geographic equator in the meridian of Ceylon, 
and enters the continent of Asia either between the Gulf 
of Cambay and Guzerst, or further to the west in the 
Bay of Muscat, ("*) and so is identical with the curve 
of no declination, () which appears to run to the south- 
ward from the shores of the Caspian ; — or whether, on 
the contrary (as Erman thinks), it bends back to the 
east, and passes between Borneo and Malacca, and, 
mecending towards the north, reaches the Sea of 
Japan, (*) and enters North-eastern Asia through the 
Sea of Ochotek. It is greatly to be regretted that the 
ery numerous determinations which must have been 
obtained in the frequent navigation to India, Australia, 
the Philippines, and the north-east const of Asia, have 
et yet been co-ordinated and rendered conducive to 
general views, by connecting the south of Asia with its 
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better magnetically explored northern regions, or to the 
solution of questions which have been raised since 
1840, Not to mix the uncertain with the certain, I will 
therefore limit myself in the following description to the 
Siberian portion of the Asiatic continent, so far as it is 
known to us down to the parallel of 45° by the observa- 
tions of Erman, Hansteen, Due, Kupffer, Fuss, and 
myself. There is no other part of the earth’s surface on 
which magnetic lines could have been traced over #0 
great an extent of continental territory,—a circumstance 
which appears to me of some importance, as it did long 
since to Leibnitz when speaking of the importance of 
the Russian dominions in Europe and Asia in reference 
to this subject. ('%) 

Advancing from the west towards the east as the 
usual direction followed by European expeditions to 
Siberia, and commencing at the northern part of the 
Caspian Sea, we find that, at what may be termed a 
group of stations, viz. the little island of Birutschikaasy at 
Astrachan, the Elton Lake in the Kirghis steppe, and 
Uralsk on the Jaik,—places situated between the 
latitudes of 45° 43’ and 51° 12’, and the East longitudes 
of 46° 37’ and 51° 24’,—the declination ranges from 
0° 10’ E, to 0° 37’ W. (!%) Further to the north this 
line of declination inclines rather more to the north- 
west, passing near Nishnei Novgorod, ()—(in. 1828, 
between Osablikowo and Doskino, in lat, 56°, long. 43°). 
Tt is prolonged towards Russian Lapland, passing 
between Archangel and Kola, or more exactly, agcord- 
ing to Hansteen in 1830, between Umba and Ponoi. (!%*) 
Tn advancing eastward from this point, between the 
parallels of 50° and 60°, it is not until we have traversed 
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nearly two thirds of the breadth of Northers Asia in this 
ita widest part (a space now entirely occupied by east 
declination), that we arrive at a line of no declination, 
which, at the north-eastern part of Lake Baikal, west of 
Viluisk, ascends towards « point situated in the meridian 
of Takutek, or in about 130° E. long., and as much as 
68° Nu lat, from whenee it redescends towards Ochotak 
(ia 143° 10° E. long.), forming the outermost line of the 
eastern side of the oval-shaped group of concentric 
declination-lines which has been before alluded to, and 
then croses the Kurile Islands, passing aouth into the 
Sea of Japan, ‘Tho isogonic lines from 5° to 15° east 
declination, which occupy the space between the east 
and west Asiatic lines of no declination, are all concave 
towards the north, Their greatest curvature falls, 
necording to Erman, in long. 80°, or in a meridisn 
nearly intermediate between Omak and Tomsk, and not 
very different from that of the southern point of the 
peniniala of Hindoston. The longer axis of the closed 
oval group extends through twenty-eight degrees of 
latitude, or about to the Corea. 

‘A similarly shaped group or system of declination- 
Fines, bat of larger dimensions, presents itself to our 
observation in the Pacific. The closed curves there 
form an oval extending from 20° N. to 42°S, latitude. 
‘The pritieipal axis is situated in 130° W. long. The 
most remarkable feature of distinction between this 
singular group (the greater portion of which is in the 
southern hemisphere, and which is wholly oceanic), and 
tho previously described continental group of Eastern 
Asin, is that in the Pacific group it is East declination 
WIG Weoreases, while in the Asiatic oval it is West 
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declination which increases, in penetrating towards the 
interior of the oval. In the Pacific oval we only know 
at present declinations of from —8°to —5°, May there 
be, more in the interior, another line of no declination 
enclosing a space of westerly declination ? 

‘The curves of no declination, like all the magnetic 
lines, have each their own proper history, although it 
can only in any case be very imperfectly traced back 
beyond two centuries. We possess, indeed, detached 
materials of an earlier date, going back even to the 
14th and 15th centuries, Hansteen has here also the 
great merit of having assembled and compared the data 
with great judgment. It would appear as if the north 
magnetic pole were moving from west to east, and the 
south magnetic pole from east to west: but we know 
from exact observations, that different portions of the 
isogonic curves advance at very unequal rates of pro- 
gression,— that where they were once parallel, they are 
now no longer so,—and that adjoining regions, over 
which declinations of opposite denominations prevail, 
enlarge and contract in very different directions, ‘The 
lines of no declination in Western Asia and the Atlantic 
‘Ocean advance from east to west. The former (or West 
Asiatic) passed through Tobolsk in about 1716; Catha- 
rinenburg (in Chappe’s time) in 1761; and between 
Osablikowo and Doskino (not far from Nishnei Nov- 
gorod) in 1829; so that in 113 years it had advanced 
247° towards the west. If the line of no declination of 
the Azores, determined by Columbus on the 13th of 
September 1492, was the same line which, according to 
the observations of Davis and Keeling, passed in 1607 
through the Cape of Good Hope,(™) and the same 
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which we now see in the western part of the Atlantic 
Ocean, passing from the mouth of the Amazons to the 
coast of North Carolina; —we are led to ask what has 
become of the line of no declination which passed in 
1600 through Konigsherg; in 1620? through Copen- 
hagen; in 1657— 1662 through London (and yet, ac- 
cording to Picard, only in 1666 through Paris, which is 
to the east of London); and rather before 1668 through 
Lisbon 2(®) There are particular parts of the globe 
in which, throughout « long interval of time, no secular 
change has been remarked. Sir John Herschel has 
called attention (*") to such a long period of suspension 
of change in Jamaica, as Euler (**) and Barlow (*) had 
already done to a similar one in South Australia. 


Polar Light, or Aurora. 


I have treated in detail the three elements of Ter- 
restrial Magnetism, or the magnetic “ Declination,” “ In- 
elination,” and “Force,” in their connection with 
geographical position, and their variations according to 
hour andseason. The “extraordinary disturbances,” or 

which were first observed in the decli- 
nation, are, a8 Halley conjectured, and as Dufay and 
Hiorter recognised, partly the precursors and partly the 
accompaniments of the magnetic polar light, or aurora 
borealis or australis. In the “Representation of Nature” 
contained in the first volume of my work, I have dis~ 
ousted with some degree of fullness the peculiarities 
belonging to thin “telluric luminous process,” often 80 
remarkable by its beautiful display of colours; and 
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more récent observations have in general been favour- 
able to the views there expressed, in which “the aurom 
was not regarded as the cause of the disturbance in the 
equilibrium of the distribution of the earth's magnetism, 
but rather as the result of a state of telluric activity 
excited to the point of the production of a luminout 
phenomenon ; an activity manifesting itself on the one 
hand by the fluctuations of the needle, and on the other 
by the appearance of the brilliant auroral light.” In 
this view the polar light might appear as a kind of 
silent discharge,—as the termination of a magnetic 
storm. In electric storms the equilibrium of the dis- 
turbed electricity is also restored by a development of 
luminosity,——by the flashing lightning, accompanied by 
the noise of thunder. In a phenomenon so complex and 
mysterious, the repeated bringing forward of a deter- 
minate hypothesis () haa at least the advantage of 
inviting a more sustained and careful observation of all 
those details by which it may be confuted or corroborated. 

In dwelling on the purely objective description of 
these phanomena, and availing myself principally of 
the fine uninterrupted cight-months series of examina- 
tions for which we are indebted to the sojourn of several 
distinguished physicists (°°) in the extreme north of 
Scandinavia in 1838—1839, I would direct the atten- 
tion in the first place to the dark misty wall which rises 
gradually on the horizon, and is called the “ black 
segment of the aurora borealis.” (%) The blackness, as 
Argelander remarks, is not a result of contrast, for it is 
sometimes seen before the luminous arch begins to 
bound it: —it ix a process going forward in a part ofthe 
dtmosphere, for hitherto we have had no evidence of 





POLAR LIGHT, OR AURORA. 155 


any admixture of foreign matter causing the darkness. 
The smallest stars are perceived by the telescope in the 
dark segment as well as in the coloured and bright parts 
of the fully developed aurora. The black segment 
seems to be much more rare in the higher than in the 
middle latitudes: the observers above spoken of did not 
see it once during the whole of February and March, 
although auroras were abundant and the sky extremely 
serene; nor did Keilhau see it once during an entire 
winter passed by him at Talving in Lapland. By exact 
determinations of stars’ altitudes, Argelander has shown 
that they are not in the least influenced by any part of 
the aurora, Even out of the segment there appear, 
although rarely, black rays, which Hansteen (*7) and I 
have more than once seen stream upwards: together 
with these, there appear roundish black patches, enclosed 
by luminous borders, to which Siljestrém has given 
especial attention.(%) Also, in that rare phenomenon, 
the auroral corona, which, by the effect of linear 
perspective projection, corresponds in altitude to the 
magnetic inclination of the place, the middle of the 
corona is mostly a very deep black. Bravais regards both 
this and the black rays merely as optical effects of con- 
trast. Several luminous arches often appear at the same 
time—in rare cases as many as seven or eight, advan- 
cing parallel to each other towards the zenith; sometimes 
they are entirely absent. The bundles of rays and lumi- 
nous streamers assume the most varied forms: curved, 
wreathed like garlands, indented, hooked, in waving 
sheeta, or like ships’ ensigns floating in the breeze. (°) 
In high latitudes, “the usually prevailing colour of 
the polar light is white, milk-white indeed when the 
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intensity is feeble. As the tone of colour becomes more 
vivid it: passes into yellow, the middle of the broad beam 
becoming full yellow, and detached red and green 
appearing at either margin. When the beams are long 
and narrow, the red is above and the green below. 
When the motion is lateral from left to right, or vice 
vers, the red always appears on the side towards which 
the movement is directed, and the green remains behind.” 
Of these complementary colours, green and red, it is 
very rare to see one without the other. Blue is not seen 
at all; and a dark red, resembling the reflection of a 
fire, is so rare in the North, that Siljestrém only saw it 
once,(?”) The illuminating power of the aurora borealis 
never quite equals, even in Finmarken, that of the full 
moon, 

‘The connection so long maintained by me as probable, 
of the polar light with the formation of the “smallest 
and most attenuated cirrus, or light fleecy clouds, the 
parallel equidistant lines of which most often follow 
the direction of the magnetic meridian,” has indeed 
found in more recent times many defenders; but whether, 
as the northern traveller Thienemann and Admiral 
Wrangel think, these lines of cirri form the substratum 
of the aurora, or whether they are not rather, as has 
been the opinion of Franklin, Richardson, and myself, 
the effects of a meteorological process accompanying and 
produced by the magnetic storm, still remains unde- 
cided. (2), 

panes. the esos) conformity of the direction of the 
magnetic declination with that of the regularl 
and very delicate cirrus (‘bandes sete 
tion was strongly attracted, both in Mexico in 1803 and 
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in Asia in 1829, by the rotation, or movement in 
azimuth, of the points of convergence. When the 
phenomenon is very complete, the two apparent points 
of convergence do not remain fixed, the one-in the 
north-east, the other in the south-west, (in the direction 
of the line which unites the highest points of the 
nocturnally bright auroral arches,) but the line turns, s0 
as gradually to bring those points more towards the east 
and weat.(?") A perfectly similar movement in the line 
which joins the summits of true auroral luminous arches 
(the ends of feet changing in azimuths from E.—W. 
towards N.—S.) has been observed with great exactness 
more than once in Finmarken.(*%) In the view here 
taken, the cirri arranged as “polar banda” correspond in 
position to the “streamers” or “ bundles of rays” which 
shoot upwards towards the zenith from the auroral arch 
of which the span is most often E.—W., and are not 
therefore to be confounded with the arch itself; the 
latter wns once seen by Parry in the arctic regions 
daring daylight, it having continued visible after a 
night of aurora. A similar phenomenon was witnessed 
on the 9th of September 1827 in England. It was 
even possible to recognise the streamers ascending from 
the arch in daylight.(?*) 

Tt has been often stated that a perpetual evolution of 
light, or aurora, takes place around the north magnetic 
pole. Bravais, who observed without intermission for 
200 nights, in which 152 auroras admitted of exact 
description, does indeed assure us that nights without 
any aurora are very exceptional ; but yet he sometimes 
either saw no trace of auroral light during a very clear 
night, and with an uninterrupted horizon, or the “mag- 





158 TERRESTRIAL MAGNETISM. 


netic storm * only began very late, The greatest abso- 
lute number of auroras were seen towards the latter part 
of the month of September, and as March also showed 
relative frequency as compared with February and 
April, we may surmise here also, as in other magnetic 
phawnomena, a connection with the equinoxes. In addi- 
tion to instances of aurora borealis seen in the southern 
hemisphere in Peru, and of aurora australis seen so fur 
north as Scotland, 1 may mention a coloured aurora 
borealis seen and observed for two hours by Captain 
Lafond in the ‘ Candide’ on the 14th of January 1831, 
south of New Holland, in latitude 45°. (*) 

The sound sometimes attributed to the aurora has 
been negatived by the French physicists, and by Siljes 
trém at Bossekop, (7°) as decidedly as by Thienemann, 
Parry, Franklin, Richardson, Wrangel, and Anjom 
Bravais estimated the elevation or height of the aurora 
above the earth at 100,000 metres, or more than fifty 
miles; while a very meritorious observer, Mr, Farqu- 
harson, bad estimated it as only four thousand feet. 
The grounds on which all these estimations are based 
are exceedingly uncertain, and are liable to be altogether 
vitinted as well as by optical illusions, as’ by unproved 
assumptions of the actual identity of a luminous arch 
seen simultaneously from two distant places On the 
other hand, the influence of the aurora on the declina- 
nation, inclination, and intensity, both horizontal and 
total, of the magnetic force (on all the elements, there 
fore, of the earth's magnetism), is undoubted, although 
very unequal at different stages of the phenomenon, 
and in the effect produced on the different elementa, 
The most complete observations on this subject are 
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those of Siljestrém (#7) and Bravais (1838—1839) in 
Lapland, and those at Toronto in Canada (1840—1641), 
discussed with much perspicacity by Sabine.(**) In 
our concerted simultaneous observations made at Berlin 
in Mendelasohn’s and Bartholdy’s garden, at Freiberg 
below the earth’s surface, at Petersburg, Kazan, and 
Nicolaieff, a derangement of the magnetic declination 
was perceived at all the stations during an aurora seen 
at Alford in Aberdeenshire (Ist. 57° 15") on the 19th 
and 20th of September 1829;—and at those among 
them at which the other magnetic elements were also 
observed, the dip and force were also seen to be 
affected.(™°) During the fine aurora borealis observed 
at Edinburgh by Professor Forbes, on the 2st of 
March 1833, the magnetic inclination in the mine at 
Freiberg underwent a remarkable decrease, and the 
declination was so disturbed that it was hardly possible 
to take any readings. A phenomenon which appears 
deserving of particular attention, is a decrease of the 
total magnetic force during increasing activity of the 
auroral process. The results obtained by Oltmanns 
and myself at Berlin, during a fine aurora borealis on the 
20th of December 1806,(”) and which were printed 
in Hansteen’s “ Untersuchungen iiber den Magnetismus 
der Erde,” have been corroborated by Sabine and by the 
French physicists in Lapland in 1838. (*") 

As in the foregoing careful attempt at an account of 
the state of our positive knowledge in regard to the 
phenomena of terrestrial magnetism, I have limited 
mayeelf to a simply objective representation, inasmuch 
as theoretical views drawn by inductive reasoning from 
analogies have not yet assumed a sufficiently satisfactory 


160 TERRESTRIAL MAGNETISM. 


form,—I have no less designedly avoided the attempt to 
infer geognostical connections between the direction of 
great mountain-chains or stratified rocks, and of the 
magnetic linea, more especially the isoclinal and isody- 
namic linea. I am far from denying the possible 
influence of cosmical primeval forces, of dynamic and 
chemical forces as well as of magnetic and electric 
currents, on the formation of crystalline rocks and the 
filling up of veins;(**) but seeing the progressive 
movement, accompanied by change of form, of all the 
maguctic lines, it cannot be supposed that the position 
which they may be found to occupy at any particular 
time, can throw any light on the relations of direction 
of mountain-chains upheaved at exceedingly remote 
but very different epochs, or on the foldings or corruga- 
tions then taking place in the gradually hardening, 
heat-exhaling crust of the earth. 

There are indeed other relations, not affecting the 
earth’s general magnetism, but only of a very partial 
and local character, subsisting between geognostic and 
magnetic phanomena, which may be called “mountain- 
or rock-magnetism.”(*) I was much interested by 
these when examining in 1796 (previous to my depar- 
ture for America) the magnetic serpentine rock of the 
Haidberg in Franconia, and they then gave rise in 
Germany to a good deal of literary debate. They 
present a series of problems very accessible to observa- 
tion and experiment, in which there remains much to 
be determined. The intensity of the rock-magnetism 
may be tested in detached fragments of hornblende- and 
chloride-slate, serpentine, syenite, dolerite, basalt, mela- 
phyre, and trachyte, by experiments of deflection and 
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vibration of magnetic needles Im this manner, by 
comparison of the specific weight, and by applying the 
microscope to finely pulverined pertions, & may be 
decided whether the strength of the polarity docs not 
ofteh proceed less from the quantity of the interspersed 
grains of magnetic iron and iron oxide, them from the 
relative position of the grains A more important 
question, however, in commical respects, and which was 
propounded by me long since in comnection with the 
Haidberg, ix: whether there are mountain-ridges in 
which an opposite polarity is found on the opposite 
sides? (**) An accurate astronomical determination of 
the magnetic axis of such a mountain would become of 
great interest, if after considerable intervals of time 
there should be recognised either an alteration in the 
direction of the axis, or an (st least spparent) indepen- 
dence of the three variable elements of the general 
magnetic force of the earth. 
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Il. 


Reaction of the interior of the carth on its exterior, showing itself, 
—(q) dynamically, by waves of agitation, or “ earthquakes ;" 
— (5) by the increased temperature of the water of springs, 
and the admixture of other substances, as salts and gases, is 
mineral and thermal springs ;—(c) by the breaking forth of 
elastic fluids, accompanied at times by phienomena of spon- 
tancous ignition (gas- and mud-volcanoes, burning naphths, 
and salses);—(d) by the grand and powerful action of 
voleanoes proper, in which, (by permanent channels of com- 
munication with the atmosphere through fissures and craters), 
carthe molten at profound terrestrial depths are erupted as 
glowing scorim, purtly subjected, at the same time, to pro- 
cesses whereby they are changed into crystalline rocks, ated 
partly poured forth in long narrow streams of lava, 


Is order to maintain, in accordance with the fundamental 
plan of my work, the connecting links uniting all tellurie 
phrenomena, and to preserve the representation of the 
concurrent action of forces in a single system, we must 
here recall how, beginning from the general properties 
of matter, and the three principal directions of their 
activity (attraction, light- and heat-exciting undulations, 
and electro-magnetic processes), the first division of the 
present volume treated of the magnitude, figure, and 
density of our planet; its internal distribution of heat ; 
and its magnetic condition. The above-named classes 
of activity in the material universe (molecular and 
mass-attraction or gravitation, light- and heat-exciting 





ON ITS EXTERIOR, GENERAL REMARKS 163 


undulations, and electro-magnetic activity) are nearly 
allied manifestations (™) of one and the same primary 
force, among which the first is the most independent of 
diversity of substance. We have in all the above 
respects represented our planet in its cosmical relation 
to the central body of its system : its primitive internal 
heat, generated possibly by the condensation of a rotating 
nebulous ring, ia modified by the solar action; and, as 
has been shove stated, according to the latest hypotheses 
periodical action is exercised on terrestrial magnetism 
by a particular condition of the Sun, manifested to us 
by the periodically varying frequency of the solar spots, 
or openings in the outer envelopes of the Sun. 

‘This second division of the present volume will be 
devoted to the group of telluric phenomena which are 
attributed to the reaction, still going forward, of the in- 
terior of the earth on its exterior(™*) I designate the 
whole of these phenomena by the general name of volca~ 
nism or yolcanicity, and I regard it as an advantage not 
to divide effects having the same causal connection, and 
differing only by the strength of the manifestation of 
the acting force, and by varieties in the complication of 
the phynical processes involved. In this generality of 
view, mall and apparently insignificant phenomena 
soquire a greater significance, An observer not scienti- 
fically prepared, who visits for the first time a basin 
filled by m hot spring, and sees nscend from it gases 
which extinguish the flame of a candle, or walks 
between rows of variable cones of mud-volcances 
hardly exceeding in height bis own stature, would 
not divine that the place now thus harmlessly occupied 
has been repeatedly the ecene of fiery eruptions as- 
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cending to the height of many thousand feet, and that 
the same internal force is at work as that which gives 
rise to colossal craters of elevation, and even to the 
mighty devastating, lava-pouring volcanoes of Etna and 
the Peak of Teneriffe, and to those of Cotopaxi and 
Tunguragua from which scoriw are ejected. 

Among the manifold and cumulative phanomena of 
the reaction of the interior against the external crust, 
I will first consider separately those whose essential 
character is simply dynamical, and which consist of un- 
dulations of the solid strata, — being a voleanic activity 
not: necessarily accompanied by chemical alteration of 
substances, or by the eruption or production of any fresh 
substance, In the other phienomena of the reaction of 
the interior aguinst the exterior,— in gas- and mud- 
volcanoes, in burning naphthas and salses, and in the 
great burning mountains which were first, and for a 
long time exclusively, termed volcanoes,—there are 
always present, the production of some fresh sub- 
stance (gaseous or solid), processes of decomposition 
and evolution of gases, and the formation of rock from 
particles’ arranged in crystalline order. These are, 
speaking in the most general terms, the distinctive 
marks or signs of the volcanic vital activity of our 
planet. In so far as this activity is to be principally 
ascribed to the high temperature of the interior of the 
earth, it is probable that all heavenly bodies which have 
been condensed from a gaseous to a solid state, with an 
accompanying enormous extrication of heat, must 
present analogous phwnomens. The little that we 
know of the configuration of the Moon's surface seems 
to afford indications(?”) in correspondence with this 
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view. We can imagine upheavings and formative acti- 
vity in the production of crystalline rocks from a molten 
mass, even in 3 body supposed to be destitute of air and 
water, 

A genetic connection between the classes of volcanic 
phenomena which have been mentioned is indicated by 
many and various traces of simultaneity, and accompa- 
nying transitions of the simpler and less powerful actions 
into the more energetic and complicated ones. The 
sequence in which I have arranged my materials, in the 
mode of presentation which I hive selected, is justified 
by considerations of this nature, The magnetic activity 
of our planet (of which the seat is not, indeed, to be 
looked for in the molten interior, although, according to 
Lenz and Riess, iron in a molten state is capable 
of acting as the conductor of an electric or galvanic 
current,) produces, when enhanced, a development of 
light at the magnetic poles of the earth, or at least in 
their vicinity. The first division of the present or tel- 
Juric volume of my work closed with this terrestrial lu- 
minosity. I place at the opening of the second division, 
or next in succession to this phanomena of a light-ex- 
citing undulation of the ether caused by magnetic forces, 
and first among volcanic phenomenon, that clasa of 
voleanic activity which in its essential manifestations 
acta only, as does the magnetic activity, dynamically: 
exciting motions or undulations in the solid crust of the 
earth, not producing or altering substances, Other not 
essential, but in this point of view secondary, phmnomena 
(flames rising during earthquakes, eruptions of water, 
anil evolution of gas (**) following after the earthquake) 
recall to the mind the phwnomena of thermal waters 





166 REACTION OF THE INTERIOR OF THE EARTIC 


and salses. Salses sometimes show outbursts of flames, 
visible to distances of very many miles, and rocks toro 
from internal depths hurled inte the sir and scattered 
around.) ‘These, as it were, prepare the way for the 
grand phenomena of voleanoes proper, which in tam, 
in the intervals between distant epochs of eruption, ex- 
hale, like salses, only aqueous vapours and gases from 
fissures, Thus striking and instructive are the analo- 
gies presented in different stages by the gradations of 
volcanism. 


a. Earthquakes. 


(Extension of the Representation of Nature, in Kosmos, 
Bad. I. 8. 210—225 ; Engl. Vol. I. p. 191205.) 
Since the publication of the first volume of the present 
work (in 1845), and of the general description there 
given of earthquake phwnomena, the obscurity prevail- 
ing respecting their seat and their causes has been but 
little diminished; but by the labours of (#°) Mallet 
(1846) and Hopkins (1847) some valuable light tas 
‘been shed on the nature of the movement, the connection 
of operations apparently diverse, and the separation to 
be made between physical and chemical processes, assd- 
ciated or occurring simultaneously. Here, a3 elsewhere, 
advantage cannot fail to be derived from the application 
of mathematical reasoning, as in the precedent set by 
Poisson. In theoretical considerations on the dynamicx 
of earthquakes, the analogies between the undulations 
of solid bodies, and the atmospheric waves of sound, to 
which Thomas Young had called attention, (*') are 
particularly adapted to lead to more simple and more 
satisfactory views. 3 
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Change of place, agitation, uplifting, and the produc- 
tion of fissures, mark the essential character of the 
phenomenon. We must distinguish between the acting 
force which gives the first impulse to the vibration, and 
the constitution, propagation,and enhanced or diminished 
intensity of the agitation-wave, In the “ Representa- 
tion of Nature,” I described those effects which present 
themselves immediately to the senses, and which I had 
myself the opportunity of observing for so many years 
on the sea, on sea-like plains (the Manos), on elevations 
of from eight to sixteen thousand feet, on the margin of 
the craters of active volcanoes, and in granitic and mica- 
slate districts distant about twelve hundred geographical 
miles from any fiery eruption, —in districts where at 
particular periods the inhabitants no more count the 
number of earthquake shocks than we in Europe count 
the number of showers of rain, —where Bonpland and 
myself, in journeying through the forest, had to dismount 
from our mules on account of their becoming unruly 
from uneasiness at the earth trembling uninterruptedly 
boueath their feet for fifteen or eighteen minutes. By 
being so long habituated to these phenomena, (an 
advantage shored subsequently in a still higher degree 
by Boussingault,) one becomes better disposed for calm 
and accurate observation, for collecting and collating 
with critical care, at the time and on the spot, various 
and perhaps discordant accounts, and better prepared 
for learning what have been the circumstances attendant 
on great changes of the surface, of which fresh traces 
are seen, Although, when we were on the spot, five 
year had elapsed since the dreadful earthquake of 
Riobamba, by which, on the 4th of February 1797, 
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more than 30,000 human beings lost their lives in 

the course of a few minutes, (*) we still saw the once 

moving cones of Moya(**) which had been then pro= 
traded from the ground, and the combustible substanee” 
of which they consisted employed in the hute of 
the Indians for cooking, I could describe changes 
of surface resulting from that catastrophe, quite analo~ 

gous, on a larger scale, to those presented by the eele- 

brated Calabrian earthquake (February 1783), and the 

accounts of which were long declared to be incorrect and 

exaggerated, because not explicable by too hastily formed 

theories. 

Since, as I have already said, the considerations r- 
specting the cause of the impulse to motion ought to be 
carefully separated from those which relate to the nature 
and the propagation of the waves of motion, the subject 
is thereby divided into two classes. of problems of very 
unequal accessibility. In the first, as in so many cases 
where we desire to ascend to the higher links in the chain 
of causation, we cannot, in the present state of our 
knowledge, look for any generally satisfactory results 
Nevertheless, while our efforts are directed to. the dis 
covery of laws in phanomena which we are unable to 
make the subject of actual observation, great cosmical 
interest attaches to our at the same time keeping, con- 
stantly in view the different modes of genetic explanation 
which haye been pat forward as probable. The greater 
part of these (as in regard to all volcanic action or 
volcanicity) relate, under various modifications, to the 
high temperature and to the chemical constitution of 
the molten interior of the earth; one other most recently 
proposed mode of explanation of earthquakes in trachytic 
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regions is furnished by geological conjectures respecting 
the non-connection of voleanically upheaved masses of 
rock. I have brought together the following brief no- 
tices of the different views which have been taken) of 
the pomible nature of the first impulse in earthquake 
movements :— 


Tn one of these views the interior of the earth is 
regarded as being in a state of igneous fluidity;—the 
result of the process of formation of planets from a 
gaseous state, whereby, in the transition from fluid to 
solid, great disengagement of heat took place; the 
external strata, by radiation of their heat into space, 
having been the first to. cool down and solidify. The 


unequal ascent of elastic vapours (formed at the limits 
between the fluid and solid, either from the molten 
mass of the earth only, or by the penetration of sea- 
water), the sudden opening of fissures thereby occa- 
sioned, and the sudden approwch of these vapours, 
formed at great depths, and having therefore great 
heat and tension, to the higher rocky strata uearer 
to the earth's surfuce,—are supposed to occasion agi- 
tation, and to give the first impulse to the carthquake- 
wave. An auxiliary influence, due to a non-telluric 
caus, is supposed to exist in the attraction of the 
moon and sun () acting on the fluid molten surface 
of the earth's nucleus, whereby there must arise in- 
¢reazed pressure,—either immediately, against a solid 
#uperinenmbent rocky vault,—or mediately, where in 
subterranean basins the solid is separated from the 
Hquid molten mass by elastic vapours. 

Tn another view the nucleus of our planet is regarded 
VOL. Iv. I 
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as consisting of unoxidised masses of the metallic bases 
of earths and alkalies; and it is supposed that water 
and air gain access to these and thus that volcanic 
activity is excited. Volcanoes do, indeed, send forth 
great quantities of aqueous vapour into the atmo~ 
sphere; but the hypothesis of a penetration of water 
to the volcanic hearth would have to encounter great 
difficulties in respect to the mutual pressure (™) 
of the external column of water and the internal lava; 
and the absence during eruptions, or at least the 
great rarity of ignited hydrogen, which is not ade 
quately replaced by the formations of hydrochloric 
acid, ammonia, and sulphuretted hydrogen, (®) led 
the illustrious originator of this hypothesis sponta~ 
neously to relinquish it.(*”) 

According to the third view, which is that of the ac- 
complished South-American traveller, Boussinganlt, 
& want of continuity in the masses of trachyte and 
dolerite, of which the upheaved volcanoes of the chain 
of the Andes are composed, is regarded a3 a principal 
enuse of many and very widely acting earthquakes in 
those regions. The colossal cones and dome-shaped 
summits of the Cordilleras are in this view supposed 
to have been by no means upheaved in a state of soft- 
ness or semi-fluidity, but are regarded as consisting of 
enormous angular fragments, which have been pushed 
up and heaped one upon another, In the course of 
these operations it would necessarily have followed 
that, in the vast piles so formed, great intervals and 
cavities would have occurred, and that by subsidence, 
and by the occasional fall of imperfectly supported 
‘masses, commotions would ensue. (*) 
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With greater clearness of view than is attainable in 
considerations respecting the nature of the first impulse 
(which, indeed, may be supposed to be of different kinds), 
we are able to reduce the action originated by it, i.e. 
the undulations of the earthquake-waves, to simple me- 
chanical theories. As I have already remarked, this 
part of our knowledge of nature has latterly been very 
materially augmented. The undulations have been de- 
seribed in their progress and in their propagation through 
rocks of different degrees of density and elasticity ;(*”) 
and the causes of the diminution in their velocity of 
propagation by the occurrence of interruptions, reflexions, 
and interferences of waves (*) have been mathematically 
i The apparently rotatory (or “ yorticose") 
shocks, of which the obelisks in front of the convent of 
San Bruno, in the little town of Stephano del Bosco in 
Calabria (1783) present an example which has been 
much discussed, have been attempted to be reduced to 
rectilinear shocks. (*') Waves or undulations of air, of 
water, or of earth, do, indeed, all follow as respects 
space the same known dynamical laws; but the earth- 
waves are accompanied in their devastating action by 
phanomena which by their nature remain enveloped in 
greater obscurity, and belong to the class of physical 
processes, Such are exhalations or outpourings of 
vapours in a state of tension, gases, or (as in the small 
moving Moya-cones of Pelileo,) gritty mixtures of py- 
roxene crystals, carbonaceous matter, and silicious- 
shelled infusoria, These moving cones have overturned 
many Indian huts. (?\*) 
In the general Description of Nature in the first 
volume, in connection with the great catastrophe of 
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Riobamba, Feb. 4, 1794, many facts were collected by 
me on the spot from the lips of survivors, and with 
the most solicitous desire to elicit historic truth, Some 
of these, as has been already stated, were analogous 
to circumstances which took place in the great Cala- 
brian earthquake of 1783; others, which were new, 
were especially characterised by an explosive action from 
below upwards. The earthquake itself was neither an- 
nounced nor accompanied by any subterranean noise; 
buta prodigious noise, still designated simply as “el gran 
ruido,” was first heard eighteen or twenty minutes later, 
and only under the two towns of Quito and Ibarra, at « 
distance from Tacunga, Hambato, and the chief theatre 
of devastation. In the, history of catastrophes suffered 
by man, there is no other instance in which in the 
course of a few minutes, and in a thinly peopled moup- 
tainous country, so many thousand lives were lost by 
the production and passage of a few earth-waves, accom= 
panied by the opening of fissures. In reference to this 
earthquake, of which the first accounts were given by 
the celebrated Valencia botanist, Don José Cavanillas, 
particular attention is further due to the following 
phawnomena: — Fissures, which alternately opened and 
closed, so that persons partially engulfed were saved by 
extending their arms that they might not be swallowed 
up; portions of long trains of muleteers and laden mules 
(vecuas), disappearing in suddenly opening cross fissures, 
whilst other portions, by a hasty retreat, escaped the dan- 
ger; vertical oscillations, by the non-simultaneous rising 
and sinking of adjoining portions of ground, so that 
Persons standing in the choir of a church, sixteen feet 
above the pavement of the street, found themselves 
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lowered to the level of the pavement without being 
thrown down; the sinking down of massive houses, (*") 
with such an absence of disruption or dislocation, that 
the inhabitants could open the doors in the interior, pass 
iminjured from room to room, light candles, and debate 
with each other their chances of escape, during two days 
which elapsed before they were dug out; lastly the en- 
tire disappearance of great masses of stones and building 
materiala. “The old town had possessed churches, con- 
Vents, and houses of several stories, but in the places 
where they had stood, we found, on tracing out among 
the ruins the former plan of the city, only stone heaps, 
Of from eight to twelve feet high. In the south-western 
‘part of old Riobamba (in the former Barrio de Sigchu- 
gnaica), we could distinctly recognise the signs of an 
explosion from beneath, the action of a force from 
below upwards. On the cone called Cerro de In Culea, 
which rises some hundred feet and appears above and 
on the north side of the Cerro de Cumbicarca, rubbish 
from the stone buildings lay’ mingled with the ske- 
Tetons of men, Movements of translation in a hori- 
vontal direction, whereby avenues of trees were re- 
moved withont being uprooted, or fields, bearing 
different kinds of cultivation, became intermixed, 
showed themselves repeatedly, both in Quito and in 
Calabria: A still more striking and complicated phw- 
nomenon was the finding articles belonging to one house 
among the ruina of others at a considerable distance — 
a discovery which gave rise to some lawsuits. Is it, as 
the inhabitants of the country believe, that the earth 
throws out again at one spot that which it has swallowed 
up at another? or, is it (notwithstanding the distance) 
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a simple transport over the earth's surfwe? As in 
nature effects are reproduced on the return of similar 
conditions, we ought unhesitatingly to mention even 
incomplete observations in order to direct the attention 
of fature observers to special phenomena, 

It is not to be forgotten that in most cases of the 
production of fissures, the earth-wave or undulation, by 
which the solid parts are agitated, is associated, accord- 
ing to my experience, with a concurrent action of very 
different forces, manifested in emanations of gases and 
vapours, If, in the undulatory movement, the extreme 
limit of the elasticity of the material (of the different 
kinds of rock or loose earthy strata) is overpassed, and 
rupture or separation ensues, elastic fluids in a state of 
tension may escape through the openings thus formed, 
ringing from the interior to the surface different sub- 
stances, whose outburst may again become in turn a 
cause of fresh translatory movement. To the class of 
these morely accompanying phenomena of the primary 
agitation or earthquake, belongs the elevation of uncon- 
testedly moving Moya cones; and, probably, also the 
transport of objects on the surfxce of the earth, (*) 
When, in the formation of great fissures, they close again 
in their upper portions only, the subterranean cavities 
thus produced may not only become the cause of fresh 
earthquakes,— inasmuch as, according to Boussingault’s 
conjecture, ill-supported masses become in time detached, 
and, in sinking, cause commotion,—but we may also 
conceive it possible that in the fissures opened by earlier 
earthquakes, elastic fluids may become active in ocva- 
sioning fresh earthquakes in places to which they for- 
merly had no access. It would thus be the accompanying 
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or secondary phenomenon, and not the intensity of the 
undulation. which had traversed a portion of the 
earth's crust, which would be the true occasion of the 
gradual, very important, and too little regarded exten- 
sion of circles of commotion, or earthquake regions, (*") 

Manifestations of volcanic activity, to the lower gra- 
dations of which earthquakes belong, almost always 
comprise at once phanomena of movement, and physical 
production of substances, I have already noticed in 
the Description of Nature in the first volume, how 
there rise from fissures at « distance from any voleano:— 
water and hot steam; carbonic acid gas and other 
suffocating exhalations; black smoke, (as, for many 
days, at the rock of Alvidras in the Lisbon earthquake 
of Noy. 1, 1755); flame, sand, mud, and Moya with 
intermixed carbonaceous matter, The great geologist 
Abich bas pointed out the connection between the ther- 
mal springs of Sarein (about 5382 feet high), in Ghilan 
in Persia, on the road from Ardebil to Tabreez, and the 
earthquakes by which those highlands are visited at 
intervals of two years, In October 1848, an undulatory 
movement of the ground, which lasted an entire hour, 
obliged the inhabitants of Ardebil to leave the town, 
and at the same time the temperature of the springs, 
which is between 44° and 46° Cent. (111-2° and 114-8 
Fahr.), rose for a whole month to scalding heat.(2*) 
Perhaps there is no place on the earth where, as Abich 
has told us, “the intimate connection of earthquakes 
producing fissures, with the phenomena of mud vol- 
canoes, salees, inflammable gases permeating through 
loose soil, and petroloum springs, is more distinctly 
indicated, and may be more clearly recognised, than at 
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the south-eastern extremity of the Caucasus between 
Shemacha, Baku, and Sallian. It is that portion of the 
great Aralo-Caspian depression in which the ground is 
most frequently agitated.” (7) When in Northern Asia, 
I was myself struck by the circumstance that the cirele 
of commotion, or earthquake region, of which the 
district of Lake Baikal appears to be the centre, exterids 
to the westward only as far as the easternmost part 
of the Russian Altai, as far as the silver mines of 
Riddersk, the trachytic rock of Kruglaia Sopka, aud 
the hot springs of Rachmanowka and Arachan, but not 
to the chain of the Oural. Farther to the south, 
beyond the parallel of 45° lat. there is found in the 
chain of the Thian-schan, a zone running east and west, 
characterised by every kind of manifestation of volcanic 
activity, Not only does it extend from the *fire-dis- 
trict” (Ho-tscheu) in Tourfan through the small Aeferah 
chain to Baku, and from thence past Mount Ararat to 
Asia Minor, but it is even thought that it may be traced 
between the latitudes of 38° and 40°, through the vol- 
eanic basin of the Mediterranean to Lisbon and the 
Azores, I have treated this important subject of vol- 
canic geography in detail elaewhere.(*) In Greece also, 
which has suffered more than any other part of Europe 
from earthquakes (Curtius, Peloponesos, Bd. i. 8. 42— 
46), a countless number of warm springs, either still 
flowing or which have disappeared, have broken forth 
during earthquake shocks, A thermic conneetion of 
this kind was already pointed out in the remarkable 
hook of John Lydus on earthquakes, (De Ostentis, cap. 
liv. p. 189, Hase.) The great natural event of the de- 
struction of Helice and Bura, in Achain (373 By ¢.), 
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gave especial occasion to the formation of hypotheses 
respecting causal connection in volcanic activities. It 
was then that Aristotle originated the singular theory of 
the power of winds entangled in the bowels of the earth. 
(Met, II, p. 368.) The frequency of earthquakes in 
Greece and Lower Italy, by destroying the monuments 
of the most flourishing period of Art, has exercised = 
most unfavourable influence on the study of the Greek 
and Roman cultivation at different periods. Egyptian 
monuments also (for example a colossal statue of Mem- 
non, 27m. ¢.) have suffered from earthquake shocks, 
which, as Letronne has shown, were not so rare in the 
Valley of the Nile as has been supposed. (Les Statues 
Vocales de Memnon, 1833, p. 23-27, and 255.) 

‘The considerations on which we have been dwelling 
will make it appear still more remarkable, that so many 
warm sanatory springs should have retained their com- 
position and their temperature unaltered for centuries; 
and must therefore flow from fixsures which have appa- 
rently undergone no changes either at their bottom or 
sides, Channels of communication opened with higher 
strata would have diminished, and with lower strata 
would have increased, the temperature of the spring. 

At the great outburst of the volcano of Conseguina in 
the State of Nicaragua, on the 23rd of January 1835, 
the subterranean noise (*”) (los ruidos subterrancos) 
was heard simultaneously in the island of Jamaica and 
on the highlands of Bogota (nearly 9000 feet above the 
nea); a distance greater than that between Algiers and 
London. I have already remarked elsewhere that at 
the eruption of the volcano in the Island of St. Vincent, 
om the 30th of April 1812, at two in the morning, a 
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noise similar to a cannonade, unaccompanied by any sen- 
sible earthquake movement, was heard over a space of 
10,000 (German) geographical square miles, 16 to a 
degree, (*) It is well deserving of notice that when 
earthquakes are associated with subterranean noise, 
which is by no means always the case, the loudness of 
the noise does not increase with the strength of the 
earthquake, The most singular and wonderful phaeno- 
menon of the production of sound of which we have any 
record is still the subterranean and roaring “ bramidos de 
Guanaxuato,” from the 9th of January to the middle 
of the following month in 1784; respecting which I 
was able to obtain the first well assured intelligence 
from the lips of living witnesses, and from original offi+ 
cial documents, (Vol. Lp. 196, and note 187.) 

‘The velocity of earthquake propagation at the surface 
must be supposed to undergo a considerable modifica~ 
tion from the very different densities of rocks, (granite 
and gneiss, basalt and trachytic porphyry, Jurassic 
limestone and gypsum,) and of alluvial soil or detritus, 
passed through by the undulation. It would, however, 
be exceedingly desirable to learn something as tothe ex- 
treme limits between which the rates of velocity vary. 
It is probable that the most violent earthquakes are by 
no means always the most rapidly propagated. ‘The 
measurements, moreover, do not always apply to the path 
which the earthquake-waves may have followed. Ac- 
curate mathematical determinations are greatly wanted. 
Quite recently, s result has been obtained with great 
exactness and judicious consideration of all eircum- 
stances, by Julius Schmidt, astistant at the Astrono- 
mical Observatory of Bonn, on the Rhine earthquake 
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of the 29th of July 1846. The velocity of propagation 
obtained for that earthquake was 1466 English feet in 
a second. This isa rapidity exceeding that of the wave 
of sound in the air; but if we consider that the velo- 
city of the sound-wave in water is, according to Colladon 
and Sturm, 6016 English feet, and in cast-iron tubes, 
according to Biot, 11,393 feet in a second, the result 
found for the earthquake-wave will appear to us very 
emall, For the Lisbon earthquake of Nov. 1, 1755, 
from the coast of Portugal to that of Holstein, Schmidt 
found (from less accurate data) a velocity more than 
five times greater than in the case of the Rhine earth- 
quake of the 29th of July 1846. Between Lisbon and 
Gluckstadt (a distance of 1180 English geographical 
miles), the rate derived by him is 7955 English feet in 
a second; which is still 3438 feet less than takes place 
in east iron, (#?) 
Earthquakes, and sudden fiery eruptions of volcanoes, 
recurring after long intervals of repose, — whether they 
vend forth merely scorim, or, like intermitting water- 
Springs, pour forth fluid molten earths in lava streams, 
—haye indeed the same causal connection, or common 
origin, in the high temperature of the interior of our 
planet; but one of these phasnomena shows itself in most 
eases quite independently of the other. For example, 
violent earthquakes, th their linear extension along the 
chain of the Andes, agitate regions in which there are 
voleanoes which are not extinct, and are indeed often in 
a state of activity, yet without causing in them any per- 
excitement. In the great catastrophe of Rio- 
bamba, the neighbouring voleano of Tunguragua and the 
rather more distant one of Cotopaxi remained quite tran- 
6 





180 REACTION OF THE INTERIOR OF TRE EARTH 


quil; and inversely, volcanoes have had great and long- 
continued eruptions without earthquakes having been felt 
in the country around, either previously or at the same 
time. The most devastating earthquakes recorded in 
history, and which have passed through very many 
thousands of square miles, are precisely those which, 90 
far as could be perceived at the surface of the earth, had 
no connection with the activity of voleanoes. This clas: 
has latterly been termed plutonie,—in opposition to 
properly volcanic earthquakes which are mostly limited 
to lesser areas. This nomenclature, which would require 
far the greater number of earthquakes to be called 
plutonic, is not to be approved as respects more ge- 
neral views. 

We have everywhere beneath our feet that which may 
produce earthquake shocks; and the consideration that 
almost three fourths of the earth's surface are covered by 
sea, and (omitting a few sporadically scattered islands) 
without any permanent communication between the in- 
terior and the atmosphere (i.e. without active voleanoes), 
sufficiently refutes the erroneous but widely-spread 
belief, that all earthquakes are to be attributed to 
the eruption of a distant volcano, Continental earth- 
quakes are indeed often propagated over the bottom of 
the sea, and the agitation communicated from the 
coast, causes those formidable sea-waves of which the 
earthquakes of Lisbon, Callao, and Chili have given 
such memorable examples, When, on the other 
hand, the earthquake proceeds from the bottom of the 
fea, from the dominions of the earth-shaking Poseidon 
(cevrlyBwov, xwmolySeov), and is not accompanied by an 
wpheaval producing an island (as in the ephemeral 
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existence of the Island Sabrina or Julia), there may be 
remarked at points where yet the mariner would not 
feel any shock, an unusual heaving and rolling of the 
waves, The inhabitants of the Peruvian coast often 
directed my attention to this phenomenon. In the 
harbour of Callao, and at the Island of San Lorenzo 
which is, opposite to it, in perfectly calm, windless 
nights, in this exceedingly tranquil part of the Pacific, 
I have myself seen suddenly wave rise upon wave to a 
height of eleven to fourteen feet, continuing for a few 
hours. Nor can we, in these latitudes, as we might do 
elsewhere, explain the phenomenon by the supposition 
of violent storm haying occurred far out at sea. 

To begin with agitations of the earth limited to the 
smallest space, and obviously owing their origin to the 
activity of a volcano, I will mention first what I ob- 
served when seated with my chronometer in my hand 
at night in the crater of Vesuvius, at the foot of » 
small cone of eruption; it was after the great earth- 
quake at, Naples, on the 26th of July 1805, and after 
the eruption of lava which followed seventeen days 
later. regularly felt the ground of the crater shake 
every twenty or twenty-five seconds, immediately before 
each eruption of glowing scoris or cinders, Of these, 
which were thrown to a height of fifty or sixty feet, part 
foll back into the opening from which they had issued, 
and part covered the sides of the cone. The regularity 
of the phwnomenon rendered the observation free from 
danger. The repeated small shocks which I felt were 
not sensible beyond the crater, i.e at the Atrio del 
Cavallo, or at the hermitage del Salvatore. The pe- 
riodigity, of the shaking showed that it depended on 
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a definite degree of tension, which it was necessary that 
the vapours should reach before they could burst through 
the molten mass in the interior of the cone of cinders 
Just as in the case described, in which no shocks were 
felt on the sides of the cinder-cone of Vesuvius, so in 
‘a quite analogous phsenomenon, though on a far grander 
scale, on the cone of ashes of the volcano of Sangai, which 
rises south east of the city of Quito to a height of 
17,100 English feet, a very distinguished observer, Herr 
Wisse, having (in December 1849) approached withina 
thousand feet of the summit and crater, perceived no 
quaking of the ground,(*) although 267 explosions 
(eruptions of scorim) were counted in the course of 
single hour. 

A second, immensely more important, class is the very 
numerous one which consists of earthquakes usually 
accompanying or preceding great eruptions, whether of 
voleanoes which, like our European ones, pour forth 
streams of Java; or of volcanoes which, like Cotopaxi, 
Pichincha, and ‘Tunguragua in the Andes, send forth 
only scoris, ashes, and vapours. It is especially in 
regard to this class that volcanoes may be viewed as 
safety-valves, or vents, according to the early remark 
of Strabo on the fissure from which lava flowed, near 
Lelante, in the island of Euboa. The earthquakes 
cease when a considerable eruption has taken place, 

‘The most wide-spread devastations (™) are those ooca- 
sioned by earthquake-waves which traverse partly non- 
trachytic and non-voleanic countries, and partly trachytic 
and yoleanic ones, as the Cordilleras of South America 
and Mexico, without exercising any influence on the 
neighbouring volcanoes. These form the third class or 
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group of phanomena, and it is that which points most 
strongly to the existence of a general cause in the 
thermic constitution of the interior of our planet. To 
this third group belongs also a case of rare occurrence 
in which, in countries non-volcanic and rarely visited by 
earthquakes, the ground trembles uninterraptedly for 
several months, on a very restricted space, seeming to 
presage an upheaval, and the formation of an active vol- 
eano. This took place in the beginning of the present 
century in the Piedmontese valleys of Pelis and Clusson, 
as well as at Pignerol in April and May 1808, and also 
in the spring of 1829, in Murcia, between Orihuela and 
the sea-coait, on « space rather less than a (German) 
square mile. When in the interior of Mexico, on the 
western slope of the high land of Mechoacan, the cul- 
tivated flat of Jorullo was incesntly shaken for ninety 
days, the voloano rose surrounded by many thousand 
small cones, about five or seven feet high (los hornitos), 
and poured forth a brief but powerful stream of lava, 
Om the other hand, in Piedmont and in Spain, the 
shaking of the earth gradually ceased without any great 
natural event ensuing. 

T have thought it useful to enumerate the wholly 
different kinds of manifestation of the same volcanic 
activity (or reaction of the interior of the earth on 
its exterior), in order to guide the observer, and aid in 
providing materials which may lead to fruitful results 
respecting: the causal connection of the phenomena, 
Sometimes the volcanic activity embraces at one time, 
or/at times little distant from each other, 20 large a 
Portion of the earth, that the shocks which are felt may 
be attributed to eeveral kindred causes at once, The 
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years 1796 and 1811 especially offer remarkable ex- 
amples (**) of such a grouping of phenomena, 


b, Thermal Springs. 


(Enlargement of the Picture of Nature in Cosmos, Vol. I, 
p- 207—211.) 
We have described Zarthquakes os a result of the 
vital activity of the interior of our planet, manifesting 
itself in irregularly repeated and often fearfully de- 
structive phenomena. In earthquakes, regarded acoond- 
ing to their essentially inherent character, the voleanic 
power displayed acts dynamically only, or as an energy 
giving rise to motion ; although in some localities, under 
particular collateral conditions, it may be the means, not 
indeed of producing particular kinds of substances (as 
do volcanoes proper), but. of bringing them to the 
surface of the earth. In like manner as in earthquakes, 
water, vapours, petroleum, mixtures of gases, or pasty 
masses (mud, and “moya”) are occasionally, and 
during periods of brief duration, brought to the surface 
and emitted through suddenly opened fissures;—so 
fluids, both liquid and gaseous, low permanently from 
the bosom of the earth through the existing generally 
distributed network of intercommunicating fissures 
We thus place by the side of the transitory and tumul- 
‘tuous phenomena of emission, that vast and tranquil 
system of springs, wells, and fountains, by which organic 
life is beneficently nourished and refreshed, and by 
means of which, for thousands of years, the moisture 
withdrawn from the atmosphere by the fall of rain, is 
restored to the service of the organic creation, Analo- 
gous phanomena in the great economy of nature are 
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mutually illustrative of each other, and some alien 
to such connecting links as can be recogmised between 
them should not be omitted where generaliatin of 
view is desired. 

The division of springs into warm and cold, which ix 
in such general use, and in ordinary parlance appears => 
natural, will be seen to rest only on very uncertain 
foundations, if it is wished to reduce it to definite nu- 
merical expression. If the temperature of springs is 
to be compared with that of the human body (the in- 
ternal heat of which Brechet and Becquerel found with 
thermo-electric apparatus to be from 98-1° to 98-6° Fahr.) 
the degree of the thermometer scale at which a liquid 
when placed in contact with parts of the body would be 
called cold, warm, or hot, will differ considerably ac- 
cording to individual feelings, No absolute degree of 
temperature can be determined on, as that above or 
below which a spring shall always be termed warm or 
cold. The proposal to call, in each climatic zone, a 
spring, whose mean annual temperature does not ex- 
ceed the mean annual temperature of the air in the 
game zone, a cold spring, offers, at least, scientific 
accuracy in the comparison of definite numbers, It has 
also the advantage of leading to considerations respecting 
the different origin of springs; since the agreement 
with the mean annual atmospheric temperature is to be 
looked for in “invariable” springs directly, and in 
“variable” ones (as Wahlenberg and the elder Erman 
have shown) in the mean of their summer and winter 
temperatures. But according to this criterion, in one 
zone a spring may be termed “ warm,” whose tempera- 
ture is scarcely a seventh or an eighth part of that of 
another which.being situated in the equatorial regions 
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is termed “cold.” I take the difference between the 
mean temperatures of St. Petersburg (38°1° Falr.), 
and the banks of the Orinoco. The purest spring 
waters that I ever drank while I remained in the 
district of the Cataracts of Atures and Maypures, (*) 
or in the forests of Atabapo, had a temperature of up- 
wards of 26° Cent. or 78°8° Fahr. And the tempera- 
ture of the great rivers of tropical South America 
corresponds to that of these which would in such case 
be technically called “ cold” springs! (™) 

The flowing forth of springs, occasioned by various 
causes of preasure, and by the interconnection of fissures 
containing water, is a phwnomenon #o general over the 
earth’s surface, that at some points it takes place in the 
highest uplifted mountain strata, and at others at the 
bottom of the sea. In the first quarter of the present 
century, Leopold von Buch, Wahlenberg, and I collected 
numerous results respecting the temperature of springs 
and the distribution of heat in the interior of the earth 
in both hemispheres, from the 12th degree of south to the 
71st degree of north latitude. (*7) The springs which 
have an “inyariable” temperature were carefully dis- 
tinguished from those which vary with the seasons; and: 
Von Buch remarked the powerful influence of the dis- 
tribution of the fall of rain in the course of the year, 
or the relative frequency and abundance of winter- 
and summer-raing, on the temperature of the “vari- 
able springs,” which are, generally speaking, the most 
numerous and widely diffused class of springs, This 
influence has recently been placed in a clearer light, 
both in a geographical and hypsometrical view (or 
necording to latitude and to elevation), by de Gasparin, 
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Schouw, and Thurmann.(**) ‘Wahlenberg maintained 
that in very high latitudes the mean temperature of 
variable springs is somewhat higher than the mean 
temperature of the air; he looked for the canse of this, 
not in the dryness of very cold air and the consequent 
less wbundance of winter rain, but in the protecting 
covering of snow diminishing the radiation of heat 
fromthe ground. In those parts of the great plains of 
Northern Asia in which a perpetual “ stratum of ice,” 
or at Teast frozen soil with interspersed pieces of ice, is 
found st a depth of a few feet, () the temperature of 
springs cannot, without great caution, be used in making 
out Kupfier’s important theory of isogeothermal lines. 
In such situations there takes place a twofold radiation 
of bent from the upper stratum of the earth; upwards 
towards the atmosphere, and downwards towards the ice 
stratum, An extensive series of valuable observations 
collected by my friend and companion Gustay Rose, in 
the Siberian Expedition, in the heat of summer (often 
in wells still surrounded with ice), between the Irtyech, 
the Obi, and the Caspian Sea, showed great complica- 
tion of local disturbances. Similarly perturbing in- 
fluences, arising from entirely different causes, show 
themselves in results obtained within the tropics, from 
mountain springs issuing forth on vast table-lands eight 
or'ten thousand feet above the sea (Micuipampa, Quito, 
Bogota), or on slender isolated summits many thousand 
feet still higher; these comprehend a more extensive 
part of the earth's surface, and are useful in leading 
1 the consideration of analogous thermic relations in 
mountainous countries in the temperate zone. 

Tn'this important subject it is first of all necessary to 
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Separate actual observations from the theoretical con- 
¢lusions which have been based upon them. The ob- 
ject we aim at, enounced in its greatest generality, is 
a threefold one:—the distribution of heat, in the ac- 
cessible part of the earth's crust, in the aqueous cover- 
ing (the ocean), and in the atmosphere, In the liquid 
and gaseous coverings of the globe, an opposite variation 
of temperature takes place in the vertical direction. 
In the solid parts of the globe, the temperaturé in- 
creases with increasing depth; the variation being here 
the same in direction (though the ratio is very different) 
as in the atmospheric ocean, in which elevated plateans 
and variously shaped mountain summits represent shoals 
and submarine rocks. We are acquainted by direct 
experiment with the distribution of heat in the at- 
mosphere, geographically or in different latitudes and 
longitudes, and hypsometrically or at different amounts 
of vertical elevation above the level of the sea. This 
knowledge is, however, almost wholly confined to the 
near vicinity of the solid or liquid surface. Scientific 
and systematically arranged investigations, by means of 
aérostatic explorations of the aérial ocean beyond the 
immediate proximity of the disturbing influences of the 
earth, are still so much too few in number, that 

havé for that reason been little capable of affording the 
requisite numerical data for mean conditions, In re- 
gard to the decrease of temperature in the deptha of 
thé ocean, observations are not wanting; but currents 
bringing water from different latitudes and depths, and 
of different densities, interpose almost greater obstacles 
to the attainment of general results than do the currents 
of the atmosphere. The thermic conditions of the two 
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coverings of our planet, which will be treated of more 
particularly in the sequel, are here referred to in pass- 
ing, in order that the influence of the vertical distri- 
bation of temperature in the solid crust of the earth, 
(the system of “geoisothermals,”) may not be looked 
at in too isolated a manner, but that it may be regarded 
rather as a portion of the all-pervading movement of 
heat, — a true “cosmical activity.” 

Instructive a8 are in many respects observations on 
the unequal decrease of temperature with increasing 
elevation of their point of issue of such springs as do 
hot vary with the seasons, yet the local law of such de~ 
crease ought not to be regarded, as it too often is, as a 
general “geothermic” Jaw. If we were assured that 
the springs came from unmixed waters, resting on very 
extensive horizontal strata, we might indeed. believe 
them to have gradually acquired the temperature of the 
solid materials in the vicinity; but the great network 
of fissures by which the upheaved masses are inter- 
sected must render this only a rare case. Colder waters 
from higher levels mix with the lower ones, Our 
mining operations, small as is the depth to which they 
penetrate, are very instructive in this respect; but we 
shall not arrive directly at the knowledge of the geo- 
thermal lines until observations aro obtained at very 
various elevations above the level of the sea by Bous- 
singault’s method, i.e, by sinking the thermometers 
into the earth below the depth to which the influence 
of the variations of the adjacent atmosphere extends.) 
From the 45th parallel of latitude to the parts of 
the tropics nearest to the equator, the depth at which 
the “invariable ™ stratum begins decreases from 64 feet 
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toabout 2feet. It is therefore only within the tropics, 
or at no great distance beyond them, that this method 
of arriving at the knowledge of the mean temperature 
of the ground is easily practicable. The valuable re- 
source offered by Artesian wells (which, with absolute 
depths of from 750 to 2340 feet in round numbers, 
have shown an increase of temperature of 1° Pabr. for 
a mean descent of 56 feet,) has as yet only been 
available to physical inquirers in districts not more 
than 1600 feet above the level of the sea, (%) I have 
visited excavations made in search of silver ores in the 
Andes 6° 45’ south of the equator, at an elévation of 
13,200 feet, and I there found the temperature of the 
waters oozing out of the fissures in the limestone rock 
52°3° Fuhr.) The waters which on the ridge of the 
Andes, at the Paso del Assuay, were warmed for the 
baths of the Inca Tupne Yupanqui, came probably from’ 
the springs of the Ladera de Cadlud; where, by baro~ 
metric measurement, I found the elevation of the path 
(near which ran also the ancient skilfully constructed’ 
Peruvian road,) 15,525 feet above the sea, or nearly 
equal to the height of Mont Blanc.) These are the 
highest points at which I was ever able to observe 
spring water in South America. In Europe, in the 
Eastern Alps, the brothers Schlagintweit, at the height 
of 9440 feet, found the temperature of the water in the 
gallery of a gold mine (the “ Goldzeche *), and of «mall 
springsnear themouth of the gallery, only 33-4°Fabr.(*) 
at a distance from either enow or glacier ice. The 
limits of elevation at which springs are met with differ 
with differences of latitude and of the height of the 
line of perpetual snow; and also with the different pro- 
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portions which the elevations of the loftiest peaks bear 
to those of the general crests of the mountains and of 
the table-lands, 

If the semi-diameter of our planet were increased by 
the height of the Himalayan summit of Kinchinjunga, 
28-175 feet, this addition of only about <4, of the earth's 
mdius would scarcely make any difference (according 
to Fourier’s analytic theory) in the temperature of the 
surface as cooled by radiation; the thermal condition of 
the upper portion of the crust of the earth would be 
almost exactly the same as it now is, But where par- 
ticular parts of the surface rise into the atmosphere, 
whether in mountain chains, or in isolated summits, 
there takes place in the interior of the upheaved strata a 
decrease of warmth from below upwards, which decrease 
is modified by contact with strata of air of unequal 
temperatures; by the different capacity for heat and the 
different heat-conducting power of different kinds of 
rock; by the exposure to the sun's rays of the bare or 
forest-covered summits and declivities; and by the 
greater or less radiation from the mountain, according 
to the particular form of its relief, whether forming a 
wide mas, or one or more narrow cones or pyramids, 
The particular height of the region of clouds; the 
extent of icy or snowy covering (varying according to 
the different heights of the snow limit); and the 
frequency of the currents of colder air, which at par- 
ticular parts of the twenty-four hours roll down the 
steep declivities; all modify the effects of terrestrial 
radiation, As the soaring jagged peaks become colder, 
there arises in the interior a faint current of heat from 
below upwards, tending towards, but never attaining, 
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the production of a state of equilibrium. The recog- 
nition of so many agencies affecting the vertical 
distribution of heat, leads to well-founded conjectures 
respecting the connection of complicated local phwno- 
mena, but not to the derivation of any direct numerical 
determinations. In mountain springs, (and the higher 
ones, being important to the Chamois hunters, are 
carefully sought out,) a doubt often subsists as to their 
being mixed, either with waters which sinking dows 
from above bring « colder temperature, or with waters 
rising from below and bringing with them the higher 
temperature of more deeply seated strata, From 
nineteen springs observed by Wahlenberg, Kiimtz 
draws the conclusion that in the Alps we require to 
ascend between 960 and 1020 feet, to see the tempe- 
rature of springs diminish 1-8° Fahr, (average, 550 feet to 
1° Fabr,) More numerous and more carefully selected 
observations by Hermann and Adolph Schlagintweit, in 
the eastern Carinthian, and the western Swiss Alps round 
Monte Rosa, give a moré rapid decrease of temperature, 
viz. 1'8° Fahr, to only 767 feet (426 feet to 1° Fahr.) 
According to the great work of these excellent ob- 
servers, (*°) “the rate of decrease of the temperature 
of the springs with increasing elevation is in every case 
somewhat slower than that of the mean annual tem- 
perature of the atmosphere, which in the Alps gives 
319 English feet for 1°Fahr, The springs there are, 
generally speaking, warmer than the mean tempera- 
ture of the air at the same level; and this difference 
between the temperature of the air and the springs 
increases with the elevation. The temperature of the 
ground at equal heights is not the same throughout 
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the Alps; for, apart from the influence of geographical 
latitude, the elevation of the isothermal planes, con- 
necting the points at which the springs have the same 
mean temperature, increases with the increasing mean 
elevation of the surrounding country: all in accordance 
with the laws of the distribution of heat in a solid body: 
of varying thickness, to which the relief (or mass ele- 
vation) of the Alps may be compared.” 

Tn the Andes, and precisely in that volcanic portion 
of the chain which presents the greatest elevations, the 
winking of thermometers in the ground may in some 
¢ases, under the influence of particular circumstances, 
give riso to delusive resulta In pursuance of a pre~ 
viously formed opinion, that the entire absence of snow 
on the dark ridges of black rock, seen from afar inter- 
secting the snowy region, may not always be exclusively 
due to the configuration and steepness of their sides, 
but may also be in part attributable to other causes, — 
I plunged the bulb of a thermometer only three or four 
inches into the sand, which filled the cleft in such o 
ridge on the Chimborazo, at an elevation of 18,288 
feet, or 2550 feet higher than the summit of Mont 
Blane. The thermometer showed persistently 42°4 
Fahr., while the external air was only 36°-9, The result 
of this observation is of some importance, because 2560 
feet: lower down, at the lower limit of perpetual snow 
on the volcanoes of Quito, the méan temperature of the 
air, inferred from a large number of observations col- 
lected by Boussingault and myself, is under 35°, The 
temperature of 42°4 must, therefore, have been due ta 
the subterranean warmth of the dolerite mountain: 
Ido not mean to say to the temperature of the entire 

VOL. IV x 
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mass, but to that of currents of air rising from lower 
depths. There is, moreover, at the foot of the Chimbo- 
Tazo, at an elevation of 9500 feet, not far from the 
village of Calpi, a small crater of eruption called 
Yana-Ureu, which, in the middle of the 15th century, 
appears to have been in a state of activity, as is also 
indicated by its black scoriaceous rock (augitic por- 
phyry.) (**) 

The aridity of the plain ont of which the Chimborazo 
rises, and the existence of the subterranean brook 
of which the rushing sound is heard under the above- 
named volcanic hill Yana-Ureu, led both Boussingault 
and myezelf, (**") at very different times, to consider that 
the waters proceeding from the daily melting of the 
enormous masses of snow at their lower limit, sink down 
into deep clefts and hollows below the upheaved volca= 
noes. These waters produce continual refrigeration 
in the strata through which they sink. But for this 
agency the entire dolerite and trachyte mountains, even’ 
at times when there is no indication of any proximate 
eruption, would have a still higher internal temperature 
imparted to them by the ever-acting primeval volcanice 
source of heat, which, perhaps, is not at an equal depth 
in all zones of the earth. Thus, in the conflict between 
heating and cooling causes, the existence of a perpetual 
flow of heat both upwards and downwards may be most 
particularly assumed where the solid parts of the earth's 
surface rise high into the atmosphere. 

Mountains and bigh summits, however, regarded: 
relatively to the area which they occupy, are but a very 
small phenomenon in the relief-form (or vertical confi- 
guration of the dry land); and, moreover, almost two 
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thirds of the whole surface of the carth (according 
to the present state of geographical discovery in the 
polar regions of either hemisphere, the ratio of sea and 
land may be taken ag 8:3) are sea-bottom. This is in 
immedinte contact with strata of water, slightly salt, 
and which, following the order of superposition corre- 
sponding to their temperature of maximum density 
(391 Fahr.), are of an icy coldness. Exact observations 
by Lenz and du Petit-Thouars have shown that in the 
midst of the tropics, where the surface of the ocean has 
a temperature of about 80°, water of 364° Fahr. may 
be drawn up from depths of seven or eight hundred 
fathoms; o phenomenon which manifests the existence 
of submarine currents from the polar regions The 
consequences of thin sub-oceanic constant cooling pro- 
com of by far the larger portion of the earth’s crust, 
deserve a greater mewure of attention than they have 
hitherto received. Rocks and islands of small circum- 
ference rising like cones from the bottom of the sea 
above the surface of the waters, and narrow isthmuses, 
such as Panama and Darien, washed by wide oceans, 
must present a different internal distribution of heat, to 
that existing in masses of similar form and density in 
the interior of continents. In a lofty mountain-island, 
the submarine portion of its vertical height is in contact 
with a fluid of which the temperature increases from 
below upwards; while, as the rocky strata emerge from 
the sea, they come in contact, under the influence both 
of the sun's direct rays and of free outward radiation, 
with a gaseous fluid in which the temperature decreases 
with increasing height. Similar thermal relations, of 
opposite decrease and increase in the vertical line, 
x2 
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are found in the narrow tract (Ust-Urt) intermediate 
between two great inland sens, the Caspian and the 
Aral. In order, at some future time, to elucidate fully 
phenomena so complicated, it will be needful to employ 
exclusively methods which lead directly to the know- 
ledge of the internal temperature, such as deep borings; 
and not to trust merely to observations of the temper- 
ture of springs, or of the atmosphere in caves ; for these 
give results as insecure aa does the temperature of 
the atmosphere in the galleries and chambers of mines 
In comparing a low flat land with mountain-ridges 
rising abruptly many thousand feet, or with high table- 
lands, the law of increasing and decreasing temperature 
does not depend simply on the relative heights of the 
points compared, If we should compute, according toa 
determinate scale, the variation of temperature for a 
given number of fect taken in proceeding upwards from 
the plain to the summit, and in a line downwards from 
the summit to a stratum in the interior of the mass of 
the mountain on a level with the surface of the plain, 
we should find, in the one case, the summit much too 
cold, and in the other, the interior stratum much too 
warm. The distribution of heat in a mountain elewa- 
tion (an undulation of the earth's surface) is dependent, 
as has been already remarked, on the form and mass of 
the mountain,—the conducting power of the rocks of 
which it consists, —the heat received from the sun's rays 
on the one hand and lost on the other by radiation, both 
in measure varying with the clear or clouded character 
of the atmosphere,— and on the contact and varying 
play of ascending and descending currents of air: 
granting these suppositions, we might reasonably expect 
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that, with very moderate differences of elevation, such 
ax four or five thousand feet for example, mountain- 
springs would frequently be found, whose temperature 
should be from 70° to 90° Fabr, above the mean tempera- 
ture of the place; and lastly, what might we not expect 
would be the case at the foot of mountains in the torrid 
zone, which, at a height of nearly 15,000 feet, are still 
free from perpetual snow, and which often show no vol- 
eanic rocks, but only gneiss and mica-slate?() The 
great mathematicinn Fourier, the year before his death, 
(at my solicitation, and stimulated by the consideration 
of the topography of the eruption of Jorullo in a plain 
where, for many hundred square leagues around, no 
traces of unusmal terrestrial heat had been discovered,) 
engaged in theoretical investigations into the question of 
the manner in which, in cases of upheavals and altered 
configuration of the surface, the isothermal planes adjust 
themuelves afresh, in accordance with the new form of 
the ground. The lateral radiation of strata, which are 
situated at the sume level but unequally covered, has 
greater influence in this matter, than has the inclination 
of the planes of separation of the rock whero stratifica- 
tion is discernible. 

T have already remarked elsewhere, (*) how the hot 
springs in the vicinity of ancient Carthage, probably the 
thermal waters of Pertusa (aque calide of Hammam- 
el-Enf), led the martyr, Bishop Patricius, to a correct 
view as to the cause of the higher or lower temperature 
of the guahing fountains, When the pro-consul Julians 
sought mockingly to perplex the accused bishop by the 

“Quo auctore fervens bre aqua tantum ebul- 
list?” Patricius, in reply, unfolded his theory of central 
x3 
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heat, “ which occasions the fiery eruptions of Etna and 
Vesuvius,” and “ renders springs so much the warmer as 
their origin is deeper.” He considered the Pyriphlege- 
thon of Plato to be the hell of sinners; and further, asif 
he would have recalled one of the cold hells of the 
Buddhists, supposed, somewhat unscientifically, for the 
*nunquam finiendum supplicium impiorum,” notwith- 
standing the depth, an “ aqua gelidissima concrescensis 
glaciem.” 

Among hot springs, those which attain a temperature 
of 194° Fahr. (approaching the boiling point of water, 
212°) are much more rare than, from inexact observe- 
tions, is commonly believed, and least of all are they tohe 
looked for in the neighbourhood of still active volcanoes 
In my American journey, I was able to examine tyo of 
the most important of such springs, both within the 
tropics. In Mexico, not far from the rich silver mines 
of Guanaxuato, in 21° north latitude, at an elevation of 
fully 6400 feet above the level of the sea, ("°) the 
Aguas de Comangillas gush forth from mountain of 
basalt and basaltic breccia. I found their temperature, 
in September 1803, 205°5 Fahr. This basaltic mass 
has been broken through by a dyke of columnar por- 
phyry, which itself rests on a white quartzose syenite, 
Higher up, but not far from this almost boiling spring, 
at los Joares, north of Santa Rosa de la Sierra, snow 
falls from December to April at an elevation of only 
8700 feet; and throughout the year the natives prepare 
ice, by means of radiation, in artificial basins, In the 
route from Nueva Valencia in the Valles de Aragua to 
the harbour of Portocabello (in about 104° north In- 
titude), on the northern declivity of the Venezuelan 
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coast chain, I saw the aguas calientes de las Trincheras 
gunh forth from a stratified granite which docs not pari 
into gneiss, I found the temperature of this spring, in 
February 1800, 194°-5, (7) while the Baiios de Mariara 
in the Valles de Aragua, which are in gneiss rock, showed 
1387. Three and twenty years later, again in the 
month of February, Boussingault and Rivero (**) found 
at the Mariara waters 1472, and at the Trincheras de 
Portocabello, but little above the Caribbean Sea, in one 
basin 198°, and in the other 2066, It would appear, 
therefore, that in the short interval of little more than 
twenty years, an unequal change of temperature had 
ocourred in these springs, the increase in the tempe- 
rature of the Mariara waters being 8°5, and in that of 
the Trincheras 12°-1. Boussingault rightly called atten- 
tion to the fact that the dreadful earthquake, which over- 
threw the town of Caracas on the 26th of March, 1812, 
took place in this very interval. It is true that 
af the surface of the earth the commotion was less 
in the neighbourhood of the lake of Tacarigua (in 
Nueva Valencia); Wut im the interior of the earth, 
where elastic vapours act in clefts and fissures, may not 
®& movement propagating itself so widely, and with vo 
much violence, easily modify the network of fissures, 
and open deeper channels for the access of heat? The 
hot waters of the Trincheras rising out of a granite for- 
mation are almost pure, containing only traces of silica, 
silphuretted hydrogen and nitrogen. After forming 
several very picturesque cascades, bordered by Inxu- 
riant vogetation, they become a river, the Rio de 
Aguas calientes, which as it approaches the sea is full 
of large crocodiles, the still high, though already 
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greatly diminished, temperature suiting those crea- 
tures extremely well. In the extreme north of India 
(lat. 30°52"), the very hot spring of Jumnotri riscs 
out of granite, at an elevation of 10,850 feet above 
the sea-level, with a temperature of 194° Fahr., being 
nearly the boiling point of water under the atmospheric 
pressure corresponding to that altitude. (#) 

Among intermitting hot springs, the boiling fountains 
of Iceland, and among these especially the Great Geysir 
and the Strokr, have deservedly acquired the most 
celebrity. In both, according to the excellent recent 
researches of Bunsen, Sartorius von Waltershausen, and 
Descloiseaux, the temperature in the jets of water de- 
creases from below upward with remarkable rapidity, 
The Geysir has a truncated cone, about 26 or 30 feet high, 
formed of horizontal strata of silicious concretion. In 
this cone there is a shallow depression about 55 or 66 
feet broad, in the middle of which a funnel about 18 feet 
in diameter descends to a depth of 75 feet. The tempe- 
rature of the water, which always fills the basin, is nearly 
180° Fabr, At very regular intervals of about 80 or 90 
minutes, subterranean thunder announces the beginning 
of theeruption. Columns of water nine or ten feet din- 
meter, of which about three large ones follow each other 
in immediate succession, shoot upwards to the height of 
more than a hundred, sometimes to even nearly a han- 
dred and fifty feet, The temperature of the water which 
rises in the funnel has been measured at a depth 
of 724 feet, and found, a short time before the eruption, 
260°6; during the eruption, 255°; and immediately 
after it 251°6 At the surface of the basin it was 
only from 183° to 185°, The Strokr, which is also 
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situated at the foot of the Byarnefell, has less water 
than the Great Geysir. The siliceous margin of its 
basin ia only a few inches high and wide. Its eruptions 
are more frequent than those of the Geysir, but do not 
announce themselves by subterranean noise, In the 
Strokr the temperature at the time of eruption is from 
2354 to 239° at a depth of 424 fect, and almost 
212" at the surface, The eruptions of, the intermitting 
boiling fountains, and the small variations in the type of 
their phanomens, are quite independent of the eruptions 
of Hecla, and were in no ways interrupted by those 
which took place in 1845 and 1846.(%) Bunsen, with 
his peculiar sagacity both in observation and discussion, 
has refuted the formerly received hypotheses respecting 
the periodicity of the Geysir eruptions (subterranean 
hollows filled as steam-boilers alternately with vapours 
and with water), According to his view, the eruptions 
take place because a part of a column of water, which at 
some lower depth has gained a high degree of tempera- 
ture under great pressure by accumulated vapours, is 
pushed upwards, and thus comes under a presstire in 
which portion of the water is converted into steam. 
Thus, “the Geyairs are natural collectors of steam- 
power, 

Among hot springs, some few are almost absolutely 
pure, others contain solutions of as many as from 8 to 
12 solid or gaseous substances, To the first class belong 
the Luxueil, Pfeffers, and Gastein waters; of which the 
nature of the efficacy appears so perplexing on account 
of their purity, (?") As all springs are principally fed 
by meteoric water, (water which has fallen in rain, hail, 
or snow,) they contain nitrogen; ax Boussingault has 
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shown to be the case in the very pure spring which flows 
from granite rock in the Trincheras de Portocabello, (7) 
and Bunsen (*7) in the Cornelius spring at Aix-la-Cha- 
pelle, and in the Geysirs of Iceland. The organic 
matter which is held in solution in several springs is also 
nitrogenous, and even sometimes bituminous, Formerly, 
before it was known by Gay-Lussac’s and my own expe- 
riments, that rain and snow-water contain (the first 10 
and the last at least 8 per cent.) more oxygen than the 
atmosphere, it was thought very surprising that it should 
be possible to obtain from the springs of Nocera, in the 
Apennines, mixture of gases in which there was an 
abundance of oxygen. The analyses of Gay-Lusaic, 
made while we resided near this mountain-spring, 
showed that it contained no more than the amount of 
oxygen which it could derive from rain or snow. (7) If 
we are disposed to wonder at the silicious deposits which 
in the Geysirs appear more like building materials, out 
of which nature has put together forms resembling arti- 
ficial constructions, we may be reminded that silica is 
also contained in many cold springs which have in them 
only a very small portion of carbonic acid. 

Saline springs and exhalations of carbonic-acid gas, 
which were long ascribed to beds of coal and lignite, 
appear to be due wholly to processes of deep-seated vol~ 
canic activity; an activity, not manifesting itself solely 
where volcanic rocks testify the existence of ancient 
local igneous eruptions, but everywhere diffused. Car~ 
bonic-acid exhalations are, indeed, the phenomena which 
in extinct volcanoes longest survive plutonic catastrophes: 
they succeed to the stage of solfatara activity; but at the 
same time waters of the most different temperatures 
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issue, strongly impregnated with carbonic acid, alike 
from granite, gneiss, and the older and newer sedi- 
mentary rocks. Springs containing acids become im- 
pregnated with carbonates, particularly with carbonate 
of soda, wherever waters having carbonic acid act on 
rocks which contain alkaline silicates. (7) 

In the north of Germany, at many of the carbonic- 
acid springs of water and gas, the still subsisting dislo- 
cation of the strata and the character of the valleys in 
which the springs break forth, for the most part “ annular 
valleys” (as at Pyrmont, Driburg, &c.), are particularly 
striking. Friedrich Hoffmann and Buckland almost si- 
rultaneously gave to such depressions the very character- 
istic name of “valleys of elevation” (Erhebungs-Thiiler). 

In the springs termed sulphur-waters, the sulphur is 
by no means found always in the same combinations, 
In many which contain no carbonate of soda, sulphu- 
retted hydrogen is probably held in solution; in others, 
for example in the sulphur-waters of Aix-la~Chapelle 
(in tho Kaiser, Cornelius, Rose, and Quirinus springy), 
the gases obtained by boiling with the air excluded, do 
not contain, according to exact experiments by Bunsen 
and Liebig, any sulphuretted hydrogen; and even in 
the bubbles of gas which rise spontaneously from the 
springs themselves, it ix only in the Kaiser spring that 
0-31 per cent. of sulphuretted hydrogen is obtained.(*) 

A thermal spring, giving birth to an entire river of 
water impregnated with sulphurous acid, the Vinegar 
River (Rio Vinagre), called by the natives Pusambio, is 
# remarkable phenomenon, which I was the first to 
make known. The Rio Vinagre rises, at a height of 
about 10,600 feet, on the north-western declivity of the 
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volcano of Purace, at the foot of which the town of 
Popayan stands, It forms three picturesque cascades!) 
of one of which, which falls over a precipice more than 
300 fect high, I have given a drawing. From the point 
where this small stream falls into the Cauca, to the 
mouths of the Pindamon and Palace 10 or 12 miles 
lower down, no fish are found in that large river, much 
to the annoyance of the inhabitants of Popayan, who are 
strict observers of ecclesiastical fasts, The waters of the 
Pusambio contain, according to Boussingault’s later-made 
analysis, a large quantity of hydrosulphuric acid and 
carbonic acid gases as well as some sulphate of soda, Near 
the source Boussingault found the temperature 163° The 
upper portion of the course of the Pusambio is subter- 
ranean. In the Paramo de Ruiz, on the side of the 
volcano of the same name, at the sources of the Rio 
Guali, at an clevation of 12,150 feet, Degenhardt (a 
geologist from Clausthal in the Hartz, whose early death 
is loss to geological science,) discovered in 1846 a hot 
spring in the waters of which Boussingault found three 
times as much sulphuric acid as in the Rio Vinagre, 
The persistent identity in temperature and chemical 
composition of much the greater number of thermal 
springs as far back as can be traced by secure observa 
tions, is a more remarkable fact than the variations 
which have been made out in a few cases. (™*) Thermal 
springs, whose waters during their long and intricate 
course take up from the rocks with which they come in 
contact a variety of ingredients, which they often con- 
duct to parts where the strata are wholly wanting 
in such components, exert also another and entirely dif- 
ferent kind of action, —an action at. once metamorphic 
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and formative. In this point of view they are of great 
geological importance. Senarmont has shown with ad- 
mirable sagacity the manner in which it is highly proba- 
ble that many veins, ancient channels of thermal waters, 
have been filled from below upwards by deposits of the 
elements which had been held in solution. By changes 
of pressure and temperature, hy internal electro-che- 
tical procesies, and by the specific attraction of the 
side walls, lamellar divisions have taken place and con- 
eretions have been formed. Drusic cavities and porous 
amygdaloids seem to haye been formed partly in this 
manner, When the deposit in veins has taken place in 
parallel zones, these zones correspond to each other as 
respects their constitution, for the most part symme- 
trically from the sides, 

Senarmont’schemical ingenuity succeeded in obtaining 
artificially © considerable number of minerals by quite 
analogous, synthetic processes, (™) I hope that a scienti- 
fically gifted observer, nearly connected with myself, 
will shortly publish a new and important investigation 
respecting the temperatures of springs, in which, by in- 
duction from a long series of observations, he will treat 
the intricate phenomena of disturbing effects with great 
generality, Eduard Hallmann, in the thermometric 
measurements obtained by him during the years from 
18465 to 1853 in Germany(on the Rhine), and in Italy (in 
the country round Rome, in the Alban hills, and in 
the Apennines), distinguished between, 1st, pure meteor- 
ological springs, whose mean temperature is not raised 
by the internal temperature of the earth; — 2nd, mete- 
orolo-geological springs; which being independent of 
the distribution of rain, and warmer than the atmo- 
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sphere, undergo only such changes of temperature a5 
are imparted to them by the ground through which 
they issue forth;—3rd, abnormally cold springs, in 
which the low temperature is brought down from great 
heights. (**) The greater the advance which has beea 
made of late years, by the happy application of chemistry 
to geology, towards a knowledge of the mode of forma- 
tion, and of the metamorphic alteration, of rocks, the 
greater has been the importance attaching to the consi- 
deration of those spring waters which cirenlate through 
the crust of the earth, charged with different salts and 
gases, and which when they break forth at the surface 
as thermal waters have already completed the greater 
part of their formative, metamorphic, or destructive 
functions. 


c, Springs of Vapour and Gas, Salses, Mud-volea- 
u noes, Naphtha-flames. 


(Enlargement of the Picture of Nature in Cosmos, 
Vol. I. pp. 211—213.) 


In the general picture of nature in the first volume af 
this work I have shown, by examples which have been 
well made out, although they have not been sufficiently 
attended to, that “ Salses" in the different stages throngh 
which they pass, from eruptions accompanied by flames 
to mud emitted quietly, form, as it were, an interme= 
diate link between hot springs and volcanoes proper s 
which latter throw up molten earths, in the shape 
of disconnected scorie, or, ag newly formed and often 
variously superposed rocks, Like all transitions and inter= 
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mediate links in inorganic and organic nature, salees and 
mud-voleanoes are well-deserving of a serious attention, 
which the older geologists, for want of special knowledge 
of the facta, were not so well able to bestow on them. 
Salses and naphtha-springs are found, in some cases, 
in small detached groups; as the Macalubi in Sicily, 
near Girgenti (referred to go early as by Solinus), those 
near Pietra Mala, Barigazzo and at the Monte Zibio, 
not far from Sassuolo in the north of Italy, and at Tur- 
baco in South America;— and in other cases (which 
are the more important and instructive) arranged as 
it were in long narrow lines. The mud-volcanoes of 
‘Taman on the north-west of the chain of the Caucasus, 
and the naphtha-springs and burning naphtha of Baku 
and of the Caspian peninsula of Apscheron on the 
south-east, have long been known () as the extreme 
links belonging to that great mountain-chain; but 
the magnitude and connection of these phsnomena 
wore first shown by Abich, who is profoundly ac- 
quainted with that portion of western Asia. Accord- 
ing to his views, the Caucasian mud-volcanoes and 
founts of burning naphtha are recognisably connected 
with certain lines, which are in unmistakable relation 
to the “axes of elevation” and “directions of dis- 
location” of the strata. The larger portion of the 
south-eastern part of the Caucasus is occupied by gene- 
tically connected mud-volcanoes, naphtha exhalations, 
and saline springs in a triangle with two equal sides, 
having for its base the shore of the Caspian from Bala- 
chani (north of Baku) to one of the mouths of the 
Kur (Araxes) near the hot springs of Sallian, and for 
its’ apex Schagdagh in the high valley of Kinalughi, 
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Not far from the village of Kinalughi, at an elevation of 
nearly 8350 feet above the Caspian and at the junction of 
a dolomite and a slate formation, there break forth “the 
perpetual fires of Schagdagh,” which are never extin- 
guished by the weather. The axis of this triangle cor- 
responds to the direction which appears to be constantly 
followed by the earthquakes, which are so often experi- 
enced in Schamacha, on the banks of the Pyrsagut, If 
this north-western direction is prolonged, it encounters 
the hot sulphurous springs of Akti, and then becomes 
the line of the principal crest of the Caucasus, where it 
rises to the Kashegh and bounds the western part of 
Daghestan. The salses of the low country, often regu- 
larly arranged in line, become gradually more frequent 
towards the shore of the Caspian between Sallian, 
the mouth of the Pyrsagat (near the island of Swinoi), 
and the peninsula of Apscheron, They show traces 
of former repeated eruptions of mud, and bear on their 
summits small cones, quite similar in shape to the hor- 
nitos of Jorullo in Mexico, from which there exhales an 
inflammable gns, which indeed often ignites spontane- 
ously. Considerable outbreaks of flames were partiou- 
larly frequent between 1844 and 1849 on the Oudplidagh, 
Nahalath, and Turandagh. Close by the mouth of the 
Pyrsagat, at the mud-volcano of Toprachali, there are 
found (a8 proofs of a greatly increased intensity of eub- 
terranean heat) “black pieces of marl, which at first 
sight might be mistaken for dense basalt and exceed- 
ingly fine-grained dolerite.” At other parts of the 
peninsula of Apscheron, Lenz found fragments which 
looked like erupted scoriw, and at the time of the 
great burst of flames at Baklichli on the 7th of Fe 
brnary 1839, small hollow balls, like what are called 
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ashes in regular voleanoes, were carried by the wind to a 
considerable distance.(**) 

At the north-western extreme, towards the Cimmerian 
Bosphorus, are the mud-volcanoes of the Taman penin- 
sula, which group themselves with those of Aklanisowka 
and Jenikale near Kertch. At one of the salses of 
Taman there was an eruption of mud and gas on the 
27th of February 1793, in which, after much subterra~ 
nean noise, a coltmn of flame several hundred feet 
high, rose into the air half-veiled in black smoke. (May 
not the supposed smoke have been a dense cloud 
of steam?) It is a remarkable circumstance, and a very 
instructive one in regard to the nature of the voleancitos 
of Turbaco, that the gas tested at Taman in 1811, 
by Friedrich Parrot and Engelhardt, was not inflam- 
mable; whereas at the same place, 23 years later, gas 
received by Gobel in a glass tube burnt, out of the 
tube, with a bluish flame, like the exhalations from 
all the salses in the south-eastern part of the Caucasus; 
but when subjected to precise analysis was found 
to contain ont of 100 parts 92°8 of carburetted bydro- 
gen gas and 5 parts of carbonic oxide gas, (?*7) 

A phanomenon assuredly allied in respect to origin to 
those of which we are treating, although differing in the 
substances produced, is that of the eruptions of hot bo- 
racic vapours in the Maromma of Tuscany, known 
under the names of “lagoni,” “fumerole,” “ soffioni,” 
and also “voleani,” at Possara, Castel Novo and Monte 
Cerboli. The vapours have average temperatures vary- 
ing from 204°-8 to 212°, and at a few points amounting 
even to 347°. They rise in some cases directly from 
clefts in the rocks, and in others in pits, in which they 
throw up small cones formed of liquid mud. They are 
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seen to rise in whitish whirls of vapour which dispere 

themselves in the air. The boracie acids, which ther 

aqueous vapours bring up with them from the bosom of 
the earth, cannot be secured when the vapours of the 

soffioni are collected in vessels placed above the orifices; 

for they are so volatile that they escape into the atmo 
sphere. The acid is only successfully obtained in the 
skilfully arranged establishments belonging to Connt 
Larderel, where the orifices of the soffioni are covered by 
artificially formed reservoirs of water, which absorb the 
vapours. (*) According to Payen’s excellent analysis 
the gaseous exhalations contain 0°57 carbonic acid, 035 
nitrogen, only 0-07 oxygen, and 0-001 sulphuric acid. 
Where the boracic vapours penetrate the fissures of the 
rock they deposit sulphur. According to Sir Roderick 
Murchison, the rock is partly cretaceous, and partly an 
eocene formation containing nummulites; a “macigno;” 

broken through by upheaved serpentine, which shows 
itself at the surface in the vicinity at Monte Rotondo.(*) 
May we not suppose, it is asked by Bischof, that here, 
and in the crater of Vulcano, hot steam (aqueous 
vapour) acts at a great depth on minerals containing 
boracic acid, or on rocks containing datholite, arinite, 
and tourmaline, and decomposes them ? (*”) 

The system of soffioni in Iceland exceeds, both in 
variety and magnitude, anything with which we are 
acquainted on the continent. In the Fumarole-Field of 
Krisuvek and Reykiolidh true fountains of mud break 
forth out of greyish blue clay from small basins with 
crater-shaped margin, (") Here also definite die 
rections can be pointed out, along which fissures 
marked by phanomena of this class can be traced, (7) 
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There is no part of the earth's surface where hot 
springs, salses, and eruptions of gas are found, for 
which we now possess such excellent and detailed che- 
mical examinations as those for Iceland, which we owe 
to the sngucity and persevering labours of Bunsen. 
Nowhere, so far as we know, are such varied actions 
of chemical decomposition, formation, and transform- 
ation to be observed over ao great a tract of country, 
and probably in such near proximity to the surface. 
Passing from Iceland to the American continent, we 
find in the state of New York, in the district of Fre- 
donia, not far from Lake Erie, in a basin of strata of 
Devonian sandstone, an immense number of springs 
of inflammable gas, (springs of carburetted bydro- 
gen), breaking forth from fissures, and sometimes used 
for gas-lighta; other springs of combustible gas, ax at 
Rushville, take the shape of mud-cones; others, as in 
the valley of the Ohio, in Virginia, and at the Ken- 
tucky river, contain at the samo time common salt, and 
in such case are connected with weak naphtha-springs, 
Passing to the south of the Caribbean Sea, on the north 
const of South America, ten miles S.S.E. of the port of 
Cartagena de Inilins, near the pleasant village of Tur- 
baco, a remarkable group of sulses, or mud-volcances, 
presents phenomena which I was the first to describe. 
At this place, where a glorious view of the colossal 
snow-covered mountains (Sierras Nevadas) of Santa 
Marta is enjoyed, there rise on o desert space, in the 
midst of the primeval forest, 18 or 20. volcancitos,” 
‘The larger of these cones of dark grey are from 19 to 
23} feet high, and fully 85 fect in diameter at their 
base, At the top of ench cone there is a circular 
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opening of from 214 to 30 inches diameter, surrounded 
by a little mud wall. The gas rises with great vehe- — 
mence, as at Taman, in bubbles, each of which, accorl- 
ing to my measurements made in graduated glass vessel, 
contains from 10 to 12 (French) cubic inches. The 
upper part of the funnel is filled with water resting ou 
a thick mud covering. Adjacent cones do not have 
simultaneous eruptions, but in each single cone there 
may be remarked a certain degree of regularity in the 
times of eruption. Bonpland and I counted pretty re- 
gularly five eruptions every two minutes. When one 
stoops over the little crater opening, one can perceive, 


generally about twenty seconds before each eruption, a 


hollow noise in the interior of the earth deep below the 
base of the cone. In the gas which rose, and which was 
on two occasions collected with great care, a lighted 
very thin wax taper was instantly extinguished, as war 
also a burning splinter of Bombax Ceiba, ‘The gas 
could not be made to ignite. It did not render lime- 
water turbid; no absorption took place. When tested 
by nitric oxide gas for oxygen, it showed no trace of the 
latter; in another experiment, in which the gas of the 
voleancitos was kept for many hours ina small bell-glass: 
turned down in water, it showed rather more than one 
per cent. of oxygen, which was probably derived from 
the water, and had become accidentally mixed with it, 
According to these results of analysis, I then stated 
that I considered (not altogether incorrectly) the gas 
of the voleancitos of Turbaco to be nitrogen, which 
might be mixed with « small quantity of hydrogen. 
expressed at the same time in my journal regret, that 
in the then state of chemical knowledge (in April 1801) 
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there was no known way of determining, in a mixture of 
nitrogen and hydrogen, the relative proportions of each, 
A method of doing this, so that an admixture of three 
thousandths of hydrogen could be detected, was dis- 
covered four yeurs afterwards by Gay-Lusse and my- 
velf (™) Inthe half century which has elapsed since 
my visit to Turbaco and my astronomical survey of the 
Magdalena River, no traveller examined the above-de- 
scribed small mud-vyoloances scientifically; until, at the 
end of Deceniber 1850, my friend Joaquin Acosta, () 
who was acquainted with modern geology and chemistry, 
made the important observation that, —* at that time 
the cones exhaled « bituminous odour; that some petro- 
leur floated on the surface of the water in the orifices ; 
and that the gai which rose from each of the volcancitos 
was inflammable.” Of all this there was no trace in my 
time. Acosta asks whether these circumstances indicate 
a real alteration produced in the phenomena by subter- 
ranean processes, or whether the discrepancy arises 
merely from error in the earlier experiments? I should 
have freely admitted the latter to have been a probable 
explanation, if I had not preserved the leaf of the journal 
in which I noted the experiments in detail on the 
sume morning on which they were made. (°) I find 
nothing therein which could now give me any doubts 
respecting them; and the experience above alluded to, 
i.e, that (according to Parrots account) “ the gas of 
the mud-voleanoes of the peninsula of Taman had, in 
1811, the property of preventing combustion; that a 
glimmering splinter was extinguished in it; and that the 
bubbles which rose a foot thick, could not be made to 
ignite in bursting,"—whereas at the sme place, Gébel, 
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in 1834, saw the gas easily kindled and burning with a 
clear blue flame, —leads me to believe that, in dif- 
ferent stages, the exhalations undergo chemical altera- 
tions. Mitscherlich, at my request, has recently de- 
termined the limits of inflammability in artificially 
prepared mixtures of nitrogen and hydrogen gases. 
The result was that mixtures of one part hydrogen and 
three parts nitrogen would not only be ignited by alight 
being brought near to them, but also would continue to 
burn: when the proportion of nitrogen was augmented 
so that the mixture consisted of one part hydrogen and 
three and a half parts nitrogen, it would still ignite, 
but would not continue to burn. It was not until the 
mixture consisted of one part hydrogen and four parts 
nitrogen that no ignition at all took place. The gaseous 
exhalations, which, on account of their easy inflamma- 
bility and the colour of their light, are usually called ex~ 
halations of pure and carburetted hydrogen, need there- 
fore only in fact have as much as one third part of that 
gas in their composition. In the more rare mixtures of 
carbonic acid and hydrogen, on account of the capacity 
for heat of the former, the limit of capability of igni- 
tion is modified. Acosta is right in throwing out the 
question, “whether a tradition subsisting among the 
natives of Turbaco, descendants of the Indios de 
Taruaco, according to which the volcancitos were once 
all burning, and were all changed from ‘ volcanos de 
fuego’ into * voleanoa de agua’ by the adjurations of a 
pious monk, and being sprinkled by him with holy 
water, () may not have related to a former condition 
which is now returning?” Analogous examples are pre~ 
sented by, at one time the eruption of great flames, and 


sl 
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subsequently very pesceful mud-voleanves, in the region 
of the old continent already referred to. (Taman, 1793; 
on the Caspian at Jokmali, 1827; at Baklichli, 1839; 
and at Kusehtechy in the Caucasus, 1846.) 

‘The apparently small phenomenon of the salses of 
Turkaco has gained in geological interest by the great 
outbursts of flame and changes of surface, which in 1839 
extended between thirty and forty miles N.N.E. of 
Carthagena to the port of Sabonilla, not far from the 
mouth of the great Magdalena River, and for the know- 
ledge of which we are also indebted to the late lamented 
Artillery-Colonel, Acosta. The proper central point of 
this latter phenomenon sppears to have been situated 
im the narrow peninsula called Cape Galera Zamba, which 
Tuns out six or eight miles into the sea. In the middle 
of this tongue of land there stood a conical hill having 
8 craterlike opening, from which smoke (vapours and 
gases) sometimes rose with euch yehemence, that boards 
and large pieces of wood, which had been thrown into 
it, were expelled and burled to a great distance. In the 
year 1839 this cone disappeared, its disappearance being 
accompanied by a considerable outbreak of fire ; and the 
whole peninsula of Galera Zamba became an island, 
seperated from the mainland by a channel more than 
thirty feet deep. The surface of the sea remained tran- 
guilly in this state until, on the 7th of October 1848, 
without any earthquake being felt in the country round, 
there appeared a second great outburst of flames, (”7) 
which lasted several days and were visible to distances 
of between forty and fifty miles. The salse emitted only 
gees, not solid or liquid substances. When the flames 
had ceased, the sea-bottom was found to have been 
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upheaved in the form of a small sandy island, which, 
however, disappeared again soon afterwards, More thas \ 
fifty “voleancitos” (cones similar to those of ‘Turbac) 
now surround (in some cases at a distance of sixteen or 
twenty miles) the submarine gas-volcano of the Galera 
Zomba, This may well be regarded as, in geological 
respects, the principal seat of the volcanic activity 
which throughout the low-lying district of Turbaco, 
and extending over the delta of the Rio Grande dela 
Magdalena, strives to place itself in contact with the 
atmosphere. 

‘The similarity of the phenomena shown, in the dif 
ferent stages of their activity, by the salses, mud-vol- 
canoes, and gas-springs on the Italian peninsula, in the 
Caucasus, and in South America, is displayed over vast 
tracts of country in the Chinese empire. There the art 
of man has, since very early times, utilised these great 
natural supplies; and for this object had arrived long 
since at the very ingenious invention with which Euro- 
peans only became acquainted at a far Inter period, — 
that of “ Chinese rope-boring.” These borings, sever) 
thousand feet deep, were effected by the simplest ape 
plication of man’s bodily power, or rather of hin weight 
1 have elsewhere (™*) treated in detail of this invention, 
as woll as of the “ fire-springs” (Ho-tsing), and of thi 
fire-mountains (Ho-schan), of Eastern Asia. Men bore 
for water, salt, and combustible gas, from the south- 
west provinces of Yun-nan, Kuang-ai, and Szu-tehunsn 
on tho borders of Thibet, to the northern province of 
Schan-si. The gas burns with a reddish flame and often 
diffuses o bituminous smell: it is conveyed tom distanve, 
sometitnes through pipes of bamboo, sometimes in port= 
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able tubes also of bamboo, to be used in salt-worka, in 
warming houses, or in lighting streets, In some rare 
instances the supply has suddenly become exhausted, or 
has been stopped by earthquakes, Thus it is known 
that a celebrated Ho-tsing, situated south-west of the 
town of Khiung-techeu(N, lat, 50°27’, long. 103° 27’ E.), 
amiline spring which burnt with noise, became extinct in 
the 13th century, after haying supplied lights for the 
country round for 1100 years, In the province of 
Schan-si, which is very rich in stone coal, some coal- 
beds are on fire, The “fire mountains” (Ho-schan), 
are found over a large part of China. The flames often 
rise, at great heights above the sea (for example, in the 
rocks of the Py-kia-schan, at the foot of a mountain 
covered with perpetual sow in lat, 31° 40/), from long, 
open, inaccessible fissures or clefts: a phenomenon which 
recalls the * perpetual fires of Schagdagh” in the Cau- 
casas, 

In the island of Java, in the province of Samarang 
about 12 miles from the north coast, there are salsea 
which resemble those of Turbaco and Galera Zamba. 
Hillocks, from 27 to 33 feet high (which undergo fre- 
quent changes), cast up mud, salt water, and a remark~ 
able mixture of hydrogen and carbonic acid gases, (™) a 
phanomenon which must not be confounded with the 
great and devastating torrents of mud, poured forth on 
the mre occurrence of eruptions of the colossal true 
volcanoes of Java (Gunung Kelut and Gunung Idjen). 
Some mephitic grottoes, or springs of carbonic acid gas, 
fn the island of Java, are still very celebrated, in great 
measure from the exagyernted descriptions of some trae 
vellers, as well as from a connection, suspected by Sykes 

FOL. Iv. L 





218 ‘REACTION OF THE INTERION OF THE EARTH 


and by Loudon, with the fabulous stories of the Upas or 
poison-tree. The most remarkable of these, situatedin 
the mountains of Ditng, near Batur, has been scientifically 
described by Junghuhn; itis called Pakaraman, the Island 
Valley of Death. It is a fallen-in, funnel-shaped hol- 
low, situated on the side of a mountain, in which the 
height of the unrespirable stratum of carbonic acid gn 
varies very much at different seasons. Skeletons of 
wild swine, tigers, and birds are often found there.(™) 
The poison-tree, pohon or piihn, the dpas of the Malays 
(the Antaris toxicaria of the traveller Leschenault de ls 
Tour), and its harmless exhalations, have nothing what- 
soever to do with these fatal effects. (”) 

I will conclude this section on salses and on gas and 
vapour springs with a description of a case which may 
be interesting to geologists on account of the kind of 
rock from which hot sulphureous vapours are déveloped. 
When making the delightful, but somewhat arduous, 
passage across the central Cordillera of Quindiu, from 
the valley of the Rio Magdalena to the Cauca valley (jt 
took me 14 or 15 days’ foot travelling, sleeping always 
in the open air, to pass over the crest, 11,497 feet above 
the sea), I visited the Azufral, situated, at a height of 
6810 feet, on the west of the station of El Moral. Ina 
rather dark-coloured mica-slate, which is superposed 
on a garnet-bearing gneiss, and, together with it, sur- 
rounds the high granite cupolas of La Ceja and La 
Garita del Paramo, I saw in the narrow valley (Que- 
brada del Azufral) warm sulphureous vapours issue 
from the clefts in the rock. As the vapours are mixed 
with sulphuretted hydrogen and much carbonic acid gas, 
a stupefying sensation of giddiness, felt on stooping down 
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to measure their temperature, warns the observer not to 
linger, The temperature of the sulphureous vapours 
was 117°7, that of the air 69°, and that of the “ sulphur 
rivulet,” which, perhaps, in its upper portion may be 
cooled by the snow-water from the volcano of Tolima, 
84°. ‘The micaslate which contains pyrites is inter- 
spersed with sulphur in pieces. The sulphur prepared 
for sale is obtained chiefly from an ochrous-yellow clay 
mixed with native sulphur and weathered mica-slate, 
The labourers (who are Mestizos) suffer in their eyes 
and muscles, When Boussingault visited the Azufral de 
Quindiu, 30 yeurs later, in 1831, the temperature of 
the yapours (which he analysed chemically)(#) had 
diminished so much that it was actually below that of 
the free air, the latter being 71°-6, while the former was 
from 66°2 to 68°. The same excellent observer saw, in 
the Quebrada de Aguas calientes, the locality where 
the trachyte of the adjacent volcano of Tolima breake 
through the mica. The also eruptive black trachyte of 
the voleano of Tanguragua was distinctly seen by myself 
covering the garnetiferous greenish mica-schist, near the 
rope bridge of Penipe. As sulphur had not previously 
been seen in Europe in what were formerly called 
“ primitive rocks,” but only in tertiary limestone, gyp- 
sum, conglomerates, and in true volcanic rocks, its oc- 
currence in the Azufral of Quindiu (N. lat. 44°) is note- 
worthy, and the more so, because it is repeated couth of 
the equator, between Quito and Cuenca, on the northern 
deelivity of the Paramo del Assuay. In the Azufral of 
Cerro Cuollo (S. lat, 2° 13°) T saw, also in the mica-slate, 
at = height of 7980 feet, a very considerable bed of 
quartz(™) richly interspersed with sulphur, At the 
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period of my visit pieces of sulphur were only found 
from 6} to 8} inches in size; pieces of three or four 
fect had been found earlier. Even a spring of naphtha 
may be actually seen to rise from mica-schist at the 
bottom of the sea in the Gulf of Cariaco, neur Camank 
‘The naphtha gives a yellow colour to the surface of the 
sea for a distance of more than 1000 feet, and I found 
its smell diffused 20 far as the interior of the peninsula 
of Araya. () 

If we now cast a last glance on that kind of voleanie 
activity which manifests itself by the emission of vapour 
and gases, cither with or without igneous phaenomens, 
we find sometimes great affinity, and sometimes ai 
equally remarkable diversity, in the escaping substances, 
according as the high internal temperature has exertel 
its modifying influence on the mutual action either of 
homogeneous or of highly diversified materials The 
substances which this low degree of volcanic activity 
brings to the surface are— aqueous vapour or steam in 
large quantities, chloride of sodium, sulphur, carburetted 
and sulphuretted hydrogen, carbonic acid and nitrogen, 
naphtha (colourless, yellow, or as brown petroleum), 
boracic acid gas, and clay of the mud-voleanoes, The 
great diversity of these substances, of which some, how- 
ever (common salt, sulphuretted hydrogen, and petro- 
leum), are almost always associated together, shows the 
inappropriateness of the term “alse,” derived from 
Italy, where Spallanzani had the great merit of first 
directing the attention of geologista to the previously dis 
regarded phsnomena of this kind in the territory of Mo- 
dena, The terms “gas-springs” and * vapour-springs” 
fre more generally expressive, While doubtless many 





may be regarded in the light of “ fameroles ” connected 
with extinct voleances, more particularly as springs of 
enrbonic acid gas are a characteristic of one of the latest 
stages of such volcanoes, others, on the other hand, as 
naphtha-springs, appear to be wholly independent of 
genuine lnya-erupting volcanoes. They follow (ss Abich 
has already shown in the Caucasus) definite directions over 
extensive spaces, breaking forth from fissures, on the plain, 
and even in the deep basin of the Caspian, as well as on 
mountain heights of nearly 8000 feet. Like volcanoes 
proper, their apparently slumbering activity sometimes 
suddenly displays iteelf by the bursting forth of columns 
of flame, which spread terror afar. They show the 
same successive stages in both continents, at parts of the 
earth very remote from each other; but hitherto expe- 
rience has not authorised us to regard them as foreshow- 
ing tho rine of true voloances erupting Invas and scorim. 
Their activity is of another kind; perhaps originating at 
lesser depths, and dependent on other chemical pro- 
Comme, 


4, Voleanoes, according to their Diversity in Shape 
and Activity—Action through Fissures and Mears 
—Encireling Ridges round Craters of Elevation — 
Volcanic, conical, and dome-shaped Mountains, 
with open or unopened Summits — Diversity of 
Rocks through which Volcanoes act, 


(Enlargement of the Picture of Nature in Cosmos, 
Vol. Lp. 218—235,) 
Among the manifold kinds of manifestation of force in 
the reaction of the interior of our planet against its 
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outermost strata, the most powerful is that exhibited by 
voleanoes proper, .¢. openings through which (besides 
gases) solid substances of various kinds are brought in a 
state of igneous fluidity from unknown depths to the 
surface, where they issue forth either as streams of lara, 
or a8 scori, or in a state of the finest comminution, 
when they are called “ashes.” When, according to 
the sense attached by ancient usage to the expressions 
volcano and burning mountain, these are employed a 
synonymous terms, the idea of voleanie phuenomens is 
connected, according to what was a very generally re- 
ceived impreésion, with the image of an isolated conical 
mountain, having at its summit a cireular or oval opea- 
ing or crater. Such views lose, however, some of their 
generality, when the observer has the opportunity of wan- 
dering through volcanic regions of many thousand square 
miles in extent; as, for example, the entire central part 
of the Mexican highlands between the Peak of Orizbe, 
Jorullo, and the shores of the Pacific; or in Central 
America; or in the Cordilleras of New Granada ani 
Quito between the voleano of Purace near Popayan, that 
of Pasto, and Chimborazo; or in the Caueasus between 
Kasbegk, Elbourz, and Ararat. In Lower Italy, between 
the Phlegrean Fields of the Campanian mainland, Sicily, 
the Lipari and Ponza Isles, as well as in the Groek 
islands, the intervening land has partly not been up- 
heaved at the same time, and partly has been sines 
swallowed up by the sea. 

In the above-mentioned large districts in America 
and in the Caucasus we find erupted tmaases (true 
trachytes, not conglomerates of trachyte), atreams of 
obsidian, and blocks of pumice-stone obtained by 


= 





quarrying (not decomposed rolled pumice-stone brought 
by water), appearing to be quite independent of the 
mountains, which are seen rising only at = considerable 
distance. Why msy we not suppose that, in the pro- 
gressive cooling down of the heat-radiating outer strata 
of the earth, before either isolated mountains or moun- 
tain chains were yet upbeaved, the surface may have 
been varioudy split up and fismred? and why may 
mot these fissures have extruded igneously fluid masses 
which have hardened into volcanic and other rocks 
(trachytes, dolerites, melaphyres, pearlstone, obsidian, 
and pumice)? Part of these, originally in horizontal - 
beds (trachytes or dolerites which had burst forth in 
@ tenacious semi-fluid state, as from earth-springs), (7) 
may. at the later upheayal of voleanic cone- and dome- 
shaped mountains, have been thrown into a broken and 
precipitous state, not seen in the later lavas which have 
originated in turning mountains or volcanoes proper. 
‘Thus, to recall first a well-known European example, — 
im the Val del Bove on Etna (a hollow which cuts deep 
into the interior of the mountain), the angle of “fall” 
of the lava strata, alternating very regularly with rolled 
rosmees, fs from 25° to 30"; whereas that of the streams 
of lays which cover the surface of Etna, and which hare 
Bowed since ita upheaval ax a mountain, have, on a 
mean of thirty streams, according to Elie de Beau- 
mont's exact determinations, only an angle of descent of 
from 3° to 5°. Such differences point to the existence 
ef very ancient volcanic formations which had burst 
forth from fissures before the elevation of the existing 
oleanc. Classical antiquity also presents us with an 
example of = remarkable phenomenon of this class, 
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which showed itself in a wide plain in a district remote 
from any active or extinct volcanoes; in the island of 
Eubea, the modern Negropont, “The violent shocks 
of earthquake, which partially shook the island, did not 
cease until an abyss, opened in the plain of Lelantus, 
poured forth a stream of glowing mud (lava).” (7) 

If, as I have long been disposed to conjecture, We 
may ascribe to a first fissuring of the deeply disturbed 
earth-crust the oldest formations of eruptive rocks (oftea 
perfectly similar in mineral composition to recent lavas), 
then these fissures, as well as the craters of elevation of 
later origin and already less simple, must be looked 
upon only as volcanic openings through which erupted 
masses have flowed, and not as voleanoes proper. The 
principal character of these latter consists in a per- — 
manent, or at least from time to time renewed, con- 
nection between the deep-seated focus or source of 
igneous action, and the atmosphere, The yoleano re 
quires for this purpose a particular kind of framework; 
for, as Seneca says very appositely in a letter to 
Lacilius, “ignis in ipso monte non alimentum habet, 
sed viam.”(*") In regard to volcanoes, therefore, the 
form-giving, or shaping, activity is exerted by the 
upheaval of the ground; not (as was formerly and 
almost exclusively believed) in building up by snc 
cessive accumulation of scorim and strata of Tava 
deposited one above another. The resistance which 
the fiery-fluid masses, pressed in too great abundance 
against the surface, find in what is to be the channel of 
eruption, occasions the augmentation of the upheaving 
force, There arises a “bubble-shaped pushing-up of 
the ground,” as is indicated by the regular outward 





ON TFS EXTERIOR. YOLCANOES. 225 


dope of the upheaved strata, A mine-like explosion, 
the bursting of the central and highest portion of the 
convex swelling of the ground, produces sometimes only 
what Leopold von Buch has termed a “ crater of eleva- 
tion ;” (*) i. a crater-shaped, round or oval, depression 
bounded by an “ elevation-circus,” a ring-shaped, and 
in most partly broken down, rampart or encircling 
ridge, and sometimes also at the same time — when 
the structure of a permanent volcano is to be completed 
—a dome-shaped or conical mount in the middle of 
the crater of elevation. This inner mount is, in the 
greater part of such cases, open at its summit, and on 
the floor of this opening (or the floor of the crater of 
the permanent volcano), there rise non-permanent hills 
of erupted substances and scorie, small and great 
“cones of eruption ;” in Vesuvius these sometimes rise 
much higher than the erater-walls of the cone of eleva- 
tion. It is not always, however, that all the witnesses 
to the first eruption —all the different parte of the old 
framework or scaffolding, such as I have here described, 
are preserved, In many of the greatest and most active 
voleanves the high escarpment forming the periphery of 
the crater of elevation cannot be traced even in frag- 
ments or ruins, 

A great service has been rendered in modern times, 
not only by the careful comparison of volcanoes situated 
at remote distances from each other, and by the more 
exact examination of their several relations of form ; but 
also by the introduction of more definite expressions, 
whereby significant differences in relief, na well as in the 
manifestations of volcanic activity, are distinguished 
apart, If one is not decidedly averse to all classification, — 
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because, notwithstanding the endeavour to generalise, it 
still must always rest on imperfect inductions,—one may 
represent to oneself the bursting forth of igneously 
fluid masses and solid substances, accompanied by 
vapours and gases in various manners, Passing from 
the more simple to the more complex phenomena, we 
will specify, first, eruptions from fissures, not giving 
rise to a series of detached cones, but pouring forth 
substances in a state of tenacious semi-fluidity, forming 
superposed volcanic masses; secondly, eruptions through 
cones of accumulation without surrounding escarpment, 
but yet pouring forth streams of lava, as was the case 
for five years at the devastation of the island of Lan- 
cerote in the first half of the last century; thirdly, 
craters of elevation with upheaved strata without any 
central cone, sending forth streams of lava only on’ the 
outer side of the escarpment, never from the interior, 
which is soon closed by falling in; fourthly, closed 
dome-shaped mountains, or cones of elevation open at 
the summit, either surrounded by an at least partially 
preserved encircling ridge, as at the Peak of Teneriffe, in 
Fogo, and Rocea Monfina, or else quite without cireum= 
vallation and without any crater of elevation, as in 
Iceland, (*) in the Cordilleras of Quito, and in the 
middle part of Mexico. The open cones of elevation 
of this fourth class maintain a permanent more or 
less active communication, in indeterminate intervals 
of time, between the heated interior of the earth and 
the external atmosphere. Dome-shaped trachyte and 
dolerite mountains with closed summits seem, according 
to what I have been able to observe, to be more 
numerous than open cones, either still active or extinct, 
and much more numerous than volcanoes proper. Dome- 
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and bell-shaped mountains, like Chimborazo, Puy de 
Dome, Sarcouy, Rocca Monfina, and Vultur, give to the 
landscape in which they are seen a peculiar character, 
by which they contrast agreeably with the schistose 
Horns or the jagged forms of calcareous rock, 

‘The elevation of such a dome-shaped mount without 
opening is indicated with great clearness in the very 
graphic description in which Ovid has preserved the tra- 
ditiou of a great voleanic event in the peninsula of 
Methone. “The powerful force of winds imprisoned 
in dark caverns, seeking in vain an outlet, caused the 
inflated ground to swell upwards, as when a bladder or 
# goat-ekin is filled with air. The high swelling by 
slow hardening has remained 9 hill.” I have remarked 
elsewhere how entirely this Roman description differs 
from Aristotle's account of the volcanic event at Hiera, 
a newly arisen Holian island : “the subterranean power~ 
fully urging breath” is indeed here also described as 
raising o hill, but also aa “afterwards breaking it up and 
pouring from it a fiery rain of ashes." Here the eleva- 
tion i distinctly described ax preceding the igneous 
outburst, (Cosmos, Vol. IL note 230.) According to 
Strabo it would seem as if the dome-shaped hill of 
Methane had also opened in « fiery eruption, at the 
termination of which an agreeable odour diffused itself 
each night. It isa striking circumstance that a sweet 
amell was remarked under similar conditions at the 
yoleanie eruption of Santorin in the autumn of 1650, 
and is mentioned in a sermon, preached soon afterwards 
by a monk, which has been preserved.(!°) May not 
much an odour indicate naphtha? The same thing is 
wpoken of by Kotzebue in his Russian Voyage of Dis- 





228 REACTION OF THE INTERIOR OF THE EARTH 


covery, on the occasion of an igneous eruption, in 1804, 
of the island-voleano of Umnack, then newly risen from 
the sea, in the Aleutian Archipelago. At the great 
eruption of Vesuvius on the 12th of August 1805, 
which Gay-Lussac and I observed together, he perceived 
from time to time a predominating bituminous smell in 
the burning crater. I have here brought together these 
few and hitherto little regarded facts, because they help 
to confirm the close interconnection of all manifestations 
of voleanic activity, linking salses and naphtha-springs 
with actual volcanoes, 

Encireling ridges analogous to those of craters of 
elevation, show themselves in kinds of rock very dif- 
ferent from trachyte, basalt, and porphyritic schist; 
for example, according to Elie de Beaumont, in the 
granite of the French Alps) The Oisans mass of 
mountains, to which the highest summit in France, (*") 
Mont Pelvoux near Briangon (12,905 feet), belongs, 
forms a circus of thirty-two geographical miles im cir- 
cumference, in the middle of which lies the little village 
of La Bérarde, The steep walls of the circus rise to 
a height of 9600 fect. The circumyallation itself is 
gneiss; all within it is granite. (") In the Swiss and 
Savoy Alps the same form is shown in several cases, 
in smaller dimensions, The Grand Plateau of Mont 
Blanc, on which Bravais and Martins encamped several 
days, is a closed circus, or amphitheatre, 12,810 feet 
high, with an almost even floor, out of which the great 
summit-pyramid rises. (°*) ‘The same upheaving forces 
produce similar forms, though modified by the compo- 
sition of the rocks on which they have been exerted, 
The valleys of elevation, described by Hoffmann, Buck- 
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land, Murchison, and Thurmann, in the sedimentary 
rocks of the North of Germany, in Herefordshire, and 
in the Jura Mountains of Porrentray, are connected 
with the phenomena which have been here described; 
a6 aro also, though with « less measure of analogy, some 
high plains in the Cordilleras, closed in on all sides by 
mountains, on which are situated the towns of Caxa- 
marea (at 9362 feet above the sea), Bogota (8728 feet), 
and Mexico (7469 feet); and in the Himalaya the 
valley of Cashmere, 5820 feet above the sea, 

Less nearly related to the “ craters of elevation ” than 
the above described simplest form of voleanic activity, 
are the numerous caldron-like depressions, surrounded 
by but little raised margins which they have them- 
pelyes formed, which are found among the extinct 
yoleances of the Eifel, in non-voleanic rock, Devonian 
whist, and which are called “Maars.” “They are as 
it wero miie-funnels,—evidences of mine-like explo- 
sions,"—recalling the singular phenomenon described 
by myself at the earthquake of Riobamba (4th of 
February 1777), when the bones of men were cast forth 
on the hill of La Culca. (°) Where, in particular 
cases, such ancient explosion-craters situated at no great 
elevation, in the Eifel, in Auvergne, or in Java, are 
filled with water, they may bear the name of Lake- 
craters, which has been given to them; bat that term 
ought not to be regarded as synonymous with the 
German “Maar,” inasmuch as on the summits of the 
highest voleanoes, on true cones of elevation, in extinct 
craters, (for example, on the Mexican voleano of Toluca 
at 12,245 feet, and on Mount Elbourz in the Caucasus 
at 19,716 feet,) small lakes were found by myself and 
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by Abich. In the Eifel voleanoes, two kinds of volcanic 
activity, of very different age, must be carefully distin- 
guished from each other, the strictly so-called voleanoes, 
sending forth streams of lava, and the feebler explosion 
phenomena of the Maars, To the first belong the 
basaltic, oliviniferous, vertically columnar lava-stream 
in the Uesbach valley near Bertrich ; (*) the voleanoof 
Gerolstein, situated in a limestone containing dolomite, 
embedded in the Devonian grauwacke schist; and 
the long ridge of the Mosenberg (1753 feet above the 
sea) not far from Bettenfeld, west of Manderacheid, 
The Inst-named volcano has three craters, of which the 
first and second (the northernmost ones) are perfectly 
round, and their floors covered with turf-bog; but from 
the third (southernmost) (*"*) crater there has descended 
a considerable reddish brown stream of lava, which 
lower down, towards the valley of the Little Kyll, has 
become columnar. A remarkable phenomenon, generally 
speaking quite foreign to lava-yielding voleanoes, is, that 
neither at the Mosenberg, nor at the Gerolstein, nor in 
the other voleanoes proper of the Eifel, are the lava 
streams seen to be surrounded at their origin by « 
trachytie rock, but on the contrary, so far as they are 
accessible to observation, they seem to come direstly 
from the Devonian beds. The surface of the Mosen- 
berg in no way betrays what is hidden in its depths 
The augitic scorim, which pass connectedly into basaltic 
streams, contain small burnt pieces of schist, but no 
trace of enclosed trachyte. Nor are any such enclosures 
to be found even in the crater of the Rodderberg, thongh 
it is ‘so near to the greatest mass of trachyte in the 
ntighbourhood of the Rhine, the Siebengebirge. 
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The Maars,” as is acutely remarked by Captain von 
Dechen, “ seem by their formation aa if they belonged to 
nearly the same epoch as streams of lava from true 
yoleanoes, Both are situated near deeply cut valleys, 
The lava-yielding volcanoes were certainly active at a 
period when the valleys had already received very 
nearly their present form; and we actually see the 
oldest laya-streams of the district falling precipitously 
into the valleys.” The Maars are surrounded by frag- 
ments of Devonian schist and of heaped-up grey sand 
and tufs margins The Laacher See,— whether we 
regard it as a great Moar,,or as it is regarded by my 
friend C, yon Oeynbausen os part of a great caldron- 
valley in the clay-alate,—shows on ita surrounding 
borders some yolcanic scorie ; as at the Krufter Ofen, at 
the Veitakopf and the Lascher Kopf. But it isnot only 
by the entire absence of streams of lava (as they are 
observed in the Canary Islands, at the outer margin 
of true craters of elevation, or in their immediate 
neighbourhood), or by the inconsiderable height of 
their margin, that the Maara are distinguished from 
eraters of elevation; their borders are also wanting 
in that regular, always convex, outward slope in the 
stratification, which is a consequence of upheaval. As 
kos been already remarked, the Maar depressions in 
the Devonian schists appear like mine-funnels into 
which, immediately after the violent explosion of hot 
gases and vapours, the greater part of the light loose 
masses emitted (Rapilli) again fell back. I name here, a8 
examples, only the Inmerath Maar and those of Pulver 
and Meerfeld. In the midst of the first, of which the 
dry floor at two hundred feet deep is cultivated, are 





aotane! Ge cee wiles of Upper and Lower Immersth. 
Ber we Sound mo Sit simone tafe apse, jost os st 
the Laneiter Se moors of Geiger amd augite form- 
ing spher=s or oordties, Gz whith Neck and green 
vies perches ace miterspersnd = Scmiber balls of 
mica, Luenlemie amd ampte, SB of titrifsetions are 
alec Sonmd im the tute mang of the Pulver Maar, 
(neue Gilenéehd), wich. however_is entively transformed 
inte a deep inke, «= The rerulacis circular Meerfelder 
Maar, covered partly with =ater and partly with bog, is 
grolacealls distineciabed by the vicinity of the three 
coxters of the creat Mownberg, from the southernmost 
of whieb a» lavs-trenm bes Gowed ©The Maar is, how- 
ever, 640 fret lower tham the long ridge of the volcano, 
and is at its northern end; moreover it is not in the 
mxis of the line of craters, bot is more to the north-west, 
The mean height of the Maars of the Eifel above the 
sea falls between 922 feet, the height of the Laacher 
See (if it be regarded as a Maar), and 1688 feet, the 
height of the Mosbrucher Maar. 

As this is more particularly the place at which to call 
attention to the general uniformity and accordance in 
the eubelances produced by volcanic activity, while 
thore is the greatest diversity in the forms of the out- 
ward framework belonging to that activity, (as the Maar 
above spoken of, — elevation craters, —and conical 
voleanoes open at the summit,) I will here refer to the 
triking abundance of crystallised minerals which the 
Maar» brought to the surface at their first explosion, and 
which now lie partly buried in the tufa. This abundance 
is particularly great round the Laacher See; but there 
are alvo others, for instance, the Immerather and the 
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Meerfelder Maar, (the latter of which is rich in balls of 
olivine,) which contain many fine crystalline masses. We 
will cite here Zircon, Hauyne, Leucite, (#7) Apatite, 
Nosean, Olivine, Augite, Ryacolite, common Felspar (Or- 
thoclase), glassy Felspar, Mica, Sodalite, Gamet, and 
Titanite. If the number of fine crystallised minerals at 
Vesuvius is much greater, (Scacchi counts 43 kinds,) 
it should not be forgotten that very few of them were 
emitted from the volcano; that the greater part of 
them belong, according to Leopold von Buch's opinion, 
("*) “not to Vesuvius, but to a tufa-covering, extending 
far beyond Capua, which was upheaved by the cone 
of Vesuvins together with itself at its clevation, and 
was probably the product of a submarine volcanic action 
hidden deep in the interior of the earth.” 

Certain determinate directions of the different kinds 
of phwnomena produced by volcanic activity may also be 
distinctly traced in the Eifel. “The eruptions of lava 
in the high Eifel took place along a fissure nearly 
28 miles long, running from south-east to north- 
west, from Bertrich to the Goldberg near Ormond; 
on the other hand, the Maars from the Meerfelder 
Maar to Mosbruch and the Laacher See follow a direc- 
tion from south-west to north-east. These two leading 
lines of direction intersect each other in the three 
Maars of Daun. Round the Laacher See no trachyte is 
visible at the surface. The presence of this rock in the 
depths below is only indicated by the peculiar nature of 
the whole felspathic pumice of Laach, as well as by the 

balls of augite and felspar, The only visible 
trachytes of the Eifel, however, composed of felspar with 
Inrge crystals of hornblende, are distributed between 
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basaltic mountains or hills; as in the Seilberg (1892 feet 
high), near Quiddelbach, on the Height of Struth near 
Kelberg, and in the wall-like ridge of Reimerath near 
Boos.” 

Next after the Lipari and Ponza Islands few parts of 
Europe have produced more pumice than this part of 
Germany, which, with « comparatively small elevation, 
presents such different forms of volcanic activity, Masrs 
or craters of explosion, basaltic hills, and lava-emitting 
volcanoes, The principal maas of the pumice is between 
Niedermendig and Sorge, Andernach and Rubenach; 
the principal mass of the “Duckstein” or Trass (a very 
recent conglomerate deposited by water) is in the 
Brohithal, from its mouth at the Rhine up to Burg- 
brohl, near Plaidt and Kruft, The tress formation of 
the Brohlthal contains, besides fragments of graywacks 
schist and pieces of wood, fragments of pumice which 
are in no way distinguishable from the superficial 
covering of the district, and even of the trass itself. I 
have always doubted, notwithstanding some analogies 
which the Cordilleras might seem to present, whether 
the trass could be ascribed to eruptions of mud from 
the lava-emitting volcanoes of the Eifel. I rather con- 
jecture, with H. von Dechen, that the pumice was 
thrown out dry, and that the trass was formed in the 
same manner as other conglomerates. “There is no 
pumice in the Siebengebirge, and the great eruption of 
pumice in the Eifel (the principal mass of which still 
overlies the Loess, and in parts alternates with it) may, 
according to the conjecture to which the local relations 
tend to lead us, have taken place in the valley of the 
Rhine above Neuwied, in the great Nenwied hosin, 
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perhaps near Urmits, on the left side of the Rhine, 
From the great friability of this substance, the later 
action of the river may have entirely removed all traces 
of its place of origin or eruption. In the whole line of 
the Eifel Maars, as well as in the Eifel volcanoes, from 
Bertrich to Ormond, no pumice is found. That of the 
Lancher See is confined to the hills of its shores, and at 
the other Maars the small pieces of felspar, lying in the 
voleanic sand and tufa, do not pass into pumice.” 

We have already alluded to the relations which the 
age of the Maars, and that of the very different eruptions 
of lava, bear to the age of the formation of the valleys, 
“The trachyte of the Siebengebirge seema much older 
than the formation of the valleys, and even than the 
Rhenish browncoal, Its origin is unconnected with 
the rending open of the Rhine valley, even supposing 
we should ascribe the formation of that valley to the 
opening of a fissure. The valley is much more recent 
in its origin than the Rhenish browncoal, and more 
recent than most of the Rhenish basalt; on tho other 
hand, it is older than the volcanic eruptions of lava- 
streams, and older than the great outburst of pumice, 
and than the trass, Basaltic formations decidedly come 
down to a more recent period than do those of trachyte; 
and the principal mass of the basalt is thus to be looked 
upon ax younger than the trachyte. On the presont 
sides of the valley of the Rhine many basaltic groups 
(those of Unkeler Steinbrach, Rolandseck, and Godes- 
berg) were, it may be supposed, first laid bare by the 
opening of the valley, as it is probable that they were 
previously enclosed in the Devonian graywacke hills.” 

‘The Infusoria (whose general distribution over our 
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globe, on continents, in the greatest depths of the ooean, 
and in the highest strata of the atmosphere, as demon- 
strated by Ehrenberg, constitutes one of the most 
Irilliant discoveries of our age) have in the Eifel their 
principal seat in the rapilli, trass-beds and pumice- 
conglomerstes. Silicious-shelled organisms abound in 
the Brohithal and in the erupted masses of Hochsim- 
mern ; sometimes in the trass they are mingled with un- 
carbonised branches of Conifere, The whole of this 
minute organic life is, according to Ehrenberg, a fresh- 
water formation; it is only exceptionally, in the upper- 
most deposit of the friable yellowish Loess, at the foot 
and on the sides of the Siebengebirge, that marine Poly= 
thalamia are found, indicating the brackish character of 
an ancient coast district. (**) 

Is the existence of the phanomenon of Maars confined 
to Western Germany? Count Montlosier, who was well 
acquainted with the Eifel by his own observations in 
1819, and recognised the Mosenberg as one of the finest 
volcanoes which he had ever seen, regards (like Rozet) 
the Gouffre de Tazenat, the Lac Pavin, and the Lac dé 
la Godivel, in Auvergne, as Maars, or explosion-craters, 
They are hollowed out of very different kinds of rock, 
granite, basalt, and domite (trachytic rock), and are sur- 
rounded at the margin by scorim and rapilli. (™°) 

The framework or scaffolding, which the more 
powerful eruptive activity of voleanoes may be mid to 
construct hy the upheaving and uplifting of the ground, 
and by the streams of lava poured forth, has been 
observed under at least six different forms, and these 
different forms are found distinctly repeated in the most 
distant regions of the earth. To a native of a yoleanic 
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district, born amidst basaltic and trachytic mountains, 
these once familiar forms, when seen again in a strange 
Innd, often seem, as it were, to greet him with a home- 
like welcome. The forms of mountains are among the 
most important of the elements which determine the 
“physiognomy of nature ;” they give to the aspect of 
the region in which they are seen, according as they are 
adorned with vegetation or soar aloft in desert naked- 
ness, n cheerful, or a grave and majestic character. I 
have very lately tried to place side by side in a separate 
atlas a number of sketches, taken from drawings of my 
own, of the Cordilleras of Quito and Mexico. As basalt 
appears sometimes in cones rounded off at the summit, 
sometimes as twin mountains placed close to each other 
but of unequal height, sometimes as a long horizontal 
ridge having two higher rounded summits at either 
extremity; 90 in the trachyte we distinguish pre- 
eminently the majestic dome (7") of Chimborazo (21,422 
feet), a form not to be confounded with that of the also 
unopened, but more slender, “ bell-shaped” mountains, 
‘The conical form is seen in the greatest degree of per- 
fection (*) in Cotopaxi (18,877 feet); and next to it in 
Popocateptl (*) (17,726 feet), as seen from the beautiful 
shores of the lake of Tezcuco, or from the top of the 
ancient Mexican terraced pyramid of Cholula; and 
in the volcano (?*) of Orizaba (17,374, or, according 
to Ferrer, 17,879 feet). A strongly truncated conc- 
shape(™*) is seen in the Nevado de Cayambe-Urew 
(19,365 feet) immediately under the equator, and also 
in the volcano of Tolima (18,128 feet), as seen rising 
from behind the primeval forest, from the foot of the 
Paramo of Quindiu, near the little town of Ibague. ("*) 
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The volcano of Pichincha (15,890 feet), to the surpriat 
of the geologist, forms a long-drawn ridge, at one 
extremity of which, little higher than the rest of 
the mountain, is situated the wide and still burning 
crater. (**) 

Fallings in of the crater-walls, occasioned. by: great 
volcanic spasms of activity, in which they are rent 
asunder by mine-like explosions from the depths below 
them, give rise in conical mountains to very strange and 
contrasted forms: it has been thus in the case of the 
Cargusiraze (15,666 feet), where a fissure into “double 
pyramids,” of more or less regularity of form, took place 
by s sudden falling in on the night of the 19th of July 
1698 ; (?*) and in that of the finer pyramids of Tinissa, 
(17,437 feet) (). In a similar manner the upper por 
tion of crater-walls may become broken into a rude kind 
of battlement, and subsequent commotions may leave 
parts only of the same homogeneous mountain standing 
as partially detached towers or peaks; and thusat Capac- 
Ureu, Cerro del Altar, now only 17,456 feet, two very: 
similar peaks, rising in ernulation of each other, allow us 
to conjecture the earlier primitive form of the mountain, 
A tradition has been generally preserved among the 
natives of the highlands of Quito, between Chambo and 
Lican, and between the mountains of Condorasto and 
Cuvillan, that fourteen years before the invasion of 
Hnayna Capac, son of the Inca Tupac Yupanqui, the 
summit of the last-named voleano, after eruptions which 
lasted uninterruptedly for seven or eight years, fell in, 
covering the whole of the plateau on which New Rio- 
hamba is situated with pumice and volcanic ashes 
Originally higher than Chimborazo, it was called in the 
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a fseure in the westernmost Cordillera nearest to the 
Pacific Ocean, without the direction of the axis, being 
coincident with thst of the Cordillera’ The lofty 
wall is surmounted, castlelike, by three successive 
summits from south-west to north-east, called Cuntur- 
guachana, Guagua-Pichincha (or the child of the obd 
voleano) and el Picacho de los Ladrilloz. ‘The proper 
volcano is termed “the Father,” or “ Old Man,” “ Rucs- 
Pichincha.” It is the only part which enters the 
region of perpetual snow, rising toa height which ex- 
ceeds that of Guagus-Pichincha (the child), by abont 
190 or 200 feet. Three tower-like rocks surround 
the oval crater, which lies a little to the south-west, 
therefore, out of the immediate axis, of a rocky wall, of 
which the mean height is 15,673 feet. In the spring of 
1802 I reached the summit of the eastern tower in 
company with the Indian Felipe Aldas, We stood 
alone there, on the outermost margin of the crater, 
nbout 2450 feet high above the floor of the fiery alas 
Sebastian Wisse, to whom the physical sciences owe 80 
many interesting observations made during his long 
residence in Quito, had the boldness, in 1845, to pass 
several nights in a part of the crater of Rucu-Pichinebay 
where, towards sunrise, the thermometer fell 3°-6 below 
the freezing point, or to 28°4, The crater is divided 
into two parts by a ridge of rock covered with vitrified 
corim, The eastern part is more than « thousand fect 
lower than the western one and is now the especial seat 
of voleanic activity. There, a cone of eruption rises tor 
# height of nearly 270 feet, and is surrounded by more 
than seventy burning fumaroles exhaling sulphureous 
vapours. (") It was probably from this eastern cireular 
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erater (which now st its least-heated places is covered 
with tate of reed-like grasses, and of a Pourretia with 
leaves resembling those of bromelias), that the eruptions 
of burning score, pumice, and ashes from the volcano 
proceeded in 1539, 1560, 1566, 1577, 1580 and 1660, 
The city of Quito was then often veiled for days in 
thick darkness by the falling ashes. 

Of this more rare, elongated form of volcanoes, we 
know, in the old world, Galungung, with a large crater, 
in the western part of Java (™*), the doleritic mass of 
the Schiwelutsch in the Kamtschatka, a chain whose 
highest points attain 10,167 feet ("), and Hecla, which 
seen from the north-west, or in the direction normal to 
that of the principal longitudinal fissure over which it 
was upheaved, presents a broad mountain ridge having 
different «mall “horns” or summita Since the most 
recent eruptions, in 1845 and 1846, which gave a stream 
of lava eight miles long and at some places two miles 
beond, compsrable to the stream of lava from Etna in 
1669, there are on the back of Hecla five caldron- 
shaped craters arranged in a row. As the principal 
Secure is directed N. 65° E., the volcano, as seen from 
‘Sdeundfiall, ic. from the south-west side, and therefore 
a6 cross section, appears a pointed cone. (**) 

If the shapes of volcanoes differ so strikingly from 
each other, as Cotopaxi and Pichincha, without the 
@iitted substances and the chemical processes of the 
prfwund interior being altered, the relative position of 
the ones of elevation is sometimes yet more singular. 
Is Luzon, one of the Philippine Islands, the still active 
voleano of Taal, whose most destructive eruption took 
Place in 1754, rises in the middle of a large lake im- 
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habited by crocodiles, called the Laguna de’ Bomben, 
‘The cone, which was ascended in Kotzebue’s voyage 
of discovery, has a crater lake, out of which again rises 
cone of eruption with a second crater, () ‘This 
deseription recalls involuntarily the mention, in the 
journal of Hanno’s voyage, of an island enclosing a 
small lake, in the middle of which a second island rises 
‘Two such instances would seem to have been met with, 
one occurring in the Gulf of the Western Horn, and 
the other in the Bay of the Gorilla Apes on the west 
coust of Africa.() Descriptions so particular would 
tend to make one believe them based on actual observa- 
tion of nature! 

The least and the greatest height of points at which 
the volcanic activity of the interior of the earth mani- 
fests itself permanently at the surfuce, is a hypsometric 
consideration interesting to physical geography, —to 
which belong all facts relating to the reaction of the 
fluid interior of the planet against its surface. ‘The 
measure of the upheaving force (*) is, indeed, mani- 
fested in the height of volcanic cones; but great caution 
is necessary before pronouncing any judgment as to the 
influence of relative height upon the frequency and 
strength of eruptions Particular contrasts between 
very high and very low volcanoes, in frequency ani 
strength of effects, can determine nothing; and of the 
several hundred active volcanoes supposed to exist on 
continents and islands, our knowledge is still so ineom- 
plete, that the only decisive method, that of mean 
values, cannot yet be regarded as applicable; and, even 
if such mean numbers could give us a definite result by 
assigning the approximate altitude at which eruptions 
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recur oftenest, there would stil] remain room for doubt 
how far the influence of height, or distance from the 
voleanic hearth, was modified by all the incalculable 
accidental circumstances, which may render the network 
of fissures more or Jess impeded, or more or less ensily 
tenversed.. The phanomenon is then, in respect to causal 
connection, “ indeterminate.” 

Keeping cautionsly to the facts only, where the com- 
Plexity of the phmnomena, and the want of historical 
information respecting the number of eruptions in the 
course of centuries, do not yet permit us to arrive at 
laws, I will content myself, in regard to the comparative 
hbypsometry of volcanoes, with giving a table of five 
groups, in which the different classes of elevation are 
represented by a small number of well-authenticated 
examples, I linve included in these five groups only 
detached mountains having craters «till burning, there- 
fore, active volcanoes strictly 90 called, not unopened 
domes, as Chimborazo, All cones of eruption are ex- 
eluded which are dependent on an adjacent voleano, or 
which, at a distance therefrom, as in the Island of 
Lancerote, and in the Arso at the Epomeo in Ischia, 
have not preserved any permanent communication be- 
tween the interior and the atmosphere. According to 
the testimony of that most zealous investigator of all 
that belongs to Mount Etna, Sartorius von Waltershausen, 
that yoleano is surrounded by nearly 700 greater and 
lesser cones of eruption. As the measured heights of 
all summits are taken in relation to the level of the 
#ea (the present liquid surface of our planet), it is 
important here to remind the reader, that island 
voleances—of which some, as the Japanese volcano 
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Kosima (™*), described by Horner and Tilesius, at the en- 
trance of the Tsugar Straits, do not rise 1000 feet abore 
the waters, while others, as the Peak of Teneriffe (*'), 
are 12,000 feet above the sea—have been actually 
upheaved by the volcanic forces from a sea-bottom often 
above 21,000 feet, and sometimes even nearly 46,000 
feet deep. It is also important to remark, in order 
to avoid erroneous inferences from the subjoined nu- 
merical relations, that if between volcanoes of the Ist 
and the 4th class, i.e. between volcanoes of 1000 and of 
18,000 French feet (1066 and 19,184 English feet), the 
differences appear very considerable, yet the propor- 
tion between these numbers becomes greatly altered 
if (in conformity with Mitscherlich’s experiments on 
the fusion-temperature of granite, and according to the 
not altogether probable hypothesis that the heat in- 
creases uniformly in arithmetical progression with in- 
creasing depth) we assume the upper limit of the 
molten interior of the earth to be about 121,500 feet 
below the present level of the sea. The differences of 
height between known volcanoes are, we may well be- 
lieve, not considerable enough to authorise us to expect 
that the height of the highest should present any 
materially increased obstacle to the effects of the tension 
of elastic vapours (powerfully increased when pent up 
by the stoppage of volcanic fissures) in forcing lava and 
other dense substances up to the crater, 





Hypsometrical Table of Volcanoes. 


First, group of volcanoes, from 700 to 4000 French 
foet (from 746 to 4263 English feet) *:— 


The volcano of the Japanese island Kosima, south 
of Jezo: 746 feet, according to Horner. 

The volcano of the Lipari Island, named *Vol- 
cano:” 1304 feet, according to Fr. Hoffmann. (**) 

Gunung Api (signifying, in the Malay language, 
fire-mountain), the volcano of the island of Banda: 
1948 feet. 

The volcano of Izaleo(**), in s state of almost 
constant eruption; firet ascended in 1770; in the 
State of San Salvador, in Central America: 2132 
feet, necording to Squier. 

Gunung Ringgit, the lowest volcano in Java: 2345 
feet, according to Junghuhn. (™) 

Stromboli ;, 2957 fevt, according to Fr. Hoffmann. 

Vesuyins, the Rocca del Palo, on the highest 
northern margin of the crater: the mean of my two 
barometric measurements(**), in 1805 and 1822, 
gives 3997 feet, 

‘The volcano of Joruallo, which broke forth, in a 
high Mexican plain (*"), on the 29th Sept. 1759: 
4265 feet. 


© It would have been easy, and might have appeared more simple, to 
have maule the divisionsof this table at 4,000, 8,000, 12,000, and 16,000 
English feet; but this would have istroduced confusion in the subse- 
quent reasoning, for example, by throwing Etua and the Poak of 
‘Teneriffe into different groups, - 
“3 
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Second group, from 4000 to 8000 French feet (4263 
to 8526 English): — 


Mont Pélé de la Martinique : 4706 feet? according 
to Dupuget, 

Souffriére de la Guadeloupe: 4867 feet, according 
to Charles Deville. 

Gunung Lamongan, in the eastern part of Java: 
5339 feet, according to Junghubn. 

Gunung Tengger; of all the voleanoes of Java, that 
which has the largest crater (97): height of the cone 
of eruption, Bromo, 7546 feet, according to Junghuhn, 

Volcano of Osorno in Chili; 7549 feet, according 
to Fitz Roy. 

Volcano of the island Pico (**), one of the Azores: 
7613 feet, according to Vidal. 

The volcano of the Isle of Bourbon: 8001 feet, 
according to Berth, 


Third group, from 8000 to 12,000 French feet (8526 
to 12,789 English): — 


The yolcano of Awatscha (in the peninsula of 
Kamtschatka) ; not to be confounded () with the 
rather more northerly Strieloschnaia Sopka, which 
English sailors commonly call the volcano of Awat- 
acha: 8910 feet, according to Erman, 

Volcano of Antuco (*), or Antoio (in Chili): 8918 
feet, according to Domeyko, 

Volcano of Fogo, one of the Cape de Verde Is 

lands (**"): 9152 fect, according to Charles Deville. 

Voleano of Schiwelutech, Kamtschatka: north- 
eastern summit, 10, 549 feet, according to Erman. (7) 
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Etna (*): according to Smyth, 10,871 feet. 

Peak of Teneriffe : 12,158 feet, according to Charles 
Deville. (**) 

Gunung Semern; this volcano is the highest moun- 
tain in Java: 12,235 feet, according to Junghuhn’s 
barometric measurement. 

Mount Erebus, in S. Jat. 77° 32’; the nearest 
known yolcano to the south pole (3): according to 
Sir James Clark Ross, 12,366 feet, 

Volcano Argzeus (**) in Cappadocia, now Erdechisch- 
Dagh, S.S.E. of Knisarich : 12,600 feet, according to 
Pierre von Tchichatscheff. 


Fourth group, from 12,000 to 16,000 French feet 
(12,789 to 17,052 English) : — 


Volcano of Tiqneres(*”) in the highlands of the 
Provincia de los Pastos: according to Boussingault, 
12,821 feet. 

Voleano of Pasto(™): according to Boussingault, 
13,450 feet. 

Voleano Mauna Roa(**): according to Wilkes, 
13,758 feet. 

Voleano of Cumbal(?) in the Provincia de los 
Paston 15,618 feet, according to Boussingwalt. 

Volcano Kliutschewsk (*") (Kamtechatka): acoord- 
ing to Erman, 15,763 feet. 

Volcano Rucu-Pichincha: sccording to barometric 
measurements hy Humboldt, 15,923 feet. 

Volcano Tungurahua: according to a trigonome- 
trical measurement by Humboldt (™*), 16,491 feet. 

ua 
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Voleano of Puracé(*) near Popayan: 17,006 ia, 
according to José Caldas. 


Fifth group. From 16000 to above 20000 Fresh 
feet (17,052 to above 21,316 English) : — 


Volcano Sangay, south-cast of Quito: 17,124 feet 
according to Bouguer and La Condamine, (***) 

Volcano Popocatepetl (*): according to a trigone- 
metrical measurement by Humboldt, 17,726 feet. 

Mount Elias (°°) west coast of North America: 
according to the measurements of Quadra and Gale- 
ano, 17,851 feet. 

Volcano of Orizaba (*) 17,879 feet, according to 
Ferrer, 

Volcano of Tolima (**); according to a trigono- 
metrical measurement by Humboldt, 18,129 feet. 

Cotopaxi (): 18,877 feet, aceording to Bouguer. 

Volcano of Arequipa (3°): according to a trigono- 
metrical measurement by Dolley, 18,879? feet. 

Volcano Sahama (in Bolivia) (*"): according to 
Pentland, 22,349 feet. 


The volcano with which the fifth group terminates 
is more than twice as high as Etna, and five and a half 
times as high as Vesuvius, The graduated scale of vol- 
canoes which we have passed in review—beginning with 
the low Maars of the Eifel (mine-funnels, without 
external framework, which have thrown out balls of 
olivine surrounded by half-fused schistose fragments) 
and ending with the still active Sahama, more than 
22,000 feet high—has taught us that there is no” 
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necessary connection between the maximum of elevation 
and a less degree of voleanic activity, or the nature of 
the visible rock. Observations limited to particular coun- 
tries might easily lead us into error in this respect. 
For example, in the part of Mexico which lies within 
the tropics, all the mountains which are covered with 
perpetual snow (therefore, the culminating points of the 
whole country) are voleanoes; and this is also for the 
mont part the case in the Cordillerns of Quito, provid- 
ing We permit ourselves to associate with the volcanoes 
tmehytic domes not open at the summit (Chimborazo 
and Corazon): but on the other hand, in the eastern 
chain of the Andes of Bolivia, the greatest mountain 
heights are completely unvoleanic. The Nevados of 
Sorata (21,288 feet) and Illimani (21,148 feet) consist 
of graywacke slates, which have been broken through 
by masses of porphyry (*), in which (as still remaining 
evidences of the fact) fragments of slate are found 
enclosed. Also in the eastern Cordillera of Quito, 
south of the parallel of 1° 35’, the high snow-covered 
summits of Condorasto, Cuvillan, and the Collanes, 
which are opposite to the trachytic mountains, consist 
of mica alate and alaty quartz. According to what 
we now know (thanks to the meritorious labours of - 
Brinn Hodgron, Jacquemont, Joseph Dalton Hooker, 
‘Thomson, and Henry Strachey) of the mineralogical 
constitution of the greatest elevations in the Himalaya, 
it would appear that there also, what used to be called 
the primitive rocks — granite, gneiss, and mica slate — 
‘are the visible rocks, but not any trachytic formations, 
Pentland, in Bolivia, found fossil shells in the Silurian 
schists om the Nevado of Antacaua, 17,478 feet above 
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the sea, between La Paz and Potosi, The enormow 
height to which fossils found by Abich in Daghestan, 
and by myself in the Cordilleras of Peru (between 
Guambos and Montan), show the chalk formation to 
have been lifted, forcibly remind us that non-volcanie 
sedimentary strata, full of organic remains, ‘not to be 
confounded with volcanic beds of tufa, show themselves 
in places where, for a great distance around, mela- 
phyres, trachytes, dolerites, and other pyroxenic rocks, to 
which the upheaving impelling forces are attributed, re- 
main concealed deep below. What vast tracts of the 
Cordilleras and of the country to the eastward may be 
explored without any visible trace of any granitic rock! 
As I have already, more than once, remarked, the 
frequency of eruptions in a voleano appears to be de- 
pendent on varied and very complicated causes; 0 
general law can be established respecting the ratio of 
absolute height to frequency and intensity of igneous 
action. If in one small group, the comparison of Strom- 
boli, Vesuvius, and Etna, might mislead us to suppose 
that the number of eruptions is inversely proportional to 
the height of the voleano, we soon find other facts which 
are in direct contradiction to this supposition. Sartorius 
“von Waltershausen, who has done so much for the 
knowledge of Etna, remarks that, taking the average of 
recent centuries, an eruption may be expected about 
every six years, whereas in Iceland (where, properly 
speaking, no part of the island can be said to be secure 
from destruction by subterranean igneous action), Hecla, 
which is 5755 feet lower than Etna, has, 80 far back as 
our knowledge extends, sent forth eruptions only every 
weventy or eighty years (™) The Quito group of 
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yoleanoes presents a far more striking case. The vol- 
cano of Sangay, 17,052 feet high, is much more active 
than the Jittle voleano of Stromboli (2957 feet); of 
all known ‘voleanoes it is the one which shows the 
greatest number of eruptions of far-shining fiery scoriw, 
in short intervals of time. Instead of bewildering our- 
solves amidst hypotheses on the causal relations of inac- 
cessible phenomena, we may here, in preference, pause 
to consider six points on the earth's surface, which are 
peculiarly important and instructive in the history of 
volcanic activity: —Stromboli; the Chimera in Lycia; 
the ancient volcano of Masaya; the very recent one of 
Tzaloo; Fogo, in the Cape de Verde Islands; and the 
colossal Sangay. 

The Chimeem in Lycia, and Stromboli, the ancient 
Strongyle, are the two igneous phenomena of volcanic 
activity, whose historically proved permanence reaches 
farthest back. The conical hill of Stromboli, a dolerite 
rock, is twice as high as the volcano in the island of 
Voleano (Hicra, Thermessa), whose lost great eruption 
was in 1775. The uninterrupted activity of Stromboli 
‘was compared by Strabo and Pliny with that of Lipari, 
the ancient Meligunis ; but “its flame” (i. ¢, its emitted 
scoriw) is said to possess “with less heat, greater purity, 
and o stronger light.”(?*) The number and forms 
of the little fiery orifices are very variable, Spallan- 
zani’s representation of the crater-floor, which was long 
regarded as exaggerated, has been fully confirmed by an 
experienced geologist, Friedrich Hoffmann, and more 
recently by an acute physicist, A. de Quatrefages. One 
of the red-glowing fiery orifices has an opening of only 
21 fect diameter: it resembles the shaft of an oven 
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or furnace; and looking down upon it at any time fom 
the margin of the crater, one sees the fluid lava mount- 
ing and overflowing. The permanent eruptions of Strom 
boli still serve, a3 in ancient times, asa guide to mariners; 
and also, by the direction of the flame and of thes 
cending vapours, afford, as they did to the Greeks aul 
Romans, uncertain prognostications as to weather, The 
various signs of a near change of wind are connected 
with the myth of Eolus’s first residence at Strong 
and still more with observations on the then vivid fire on 
Volcano (the “ sacred isle of Hephsestos” — Vulean), by 
Polybius, who shows a remarkably exact knowledge of 
the state of the crater. The frequency of the fiery ap- 
pearances has in recent times shown some irregularity 
‘The activity of Stromboli, as well as that of Etna, i 
according to Sartorius von Waltershausen, greatest in 
November and the winter months It is sometime 
interrupted by pauses of repose; but these, asthe ex 
perience of many centuries has shown, are of sliort 
duration. 

The Chimmra in Lycia, which has been so excel 
lently described by Admiral Beaufort, and of which 
T have already twice spoken, (°) is not a voleano, but 
@ perpetual fire-fountain, or a spring of gas kept always 
in a state of ignition by the volcanic activity of the 
interior of the earth. It has been recently visited by 
a talented artist, Albert Berg, for the purpose of 
obtaining picturesque views of a locality famed from 
high antiquity (since the times of Ctesias and Seylax 
of Caryanda), and to collect specimens of the rocks 
from amidst which the flame of the Chimera ismiea 
forth, The descriptions of Beaufort, Edward Forbes, 
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and Spratt, in the “Travels in Lycia,” are perfectly 
confirmed. An eruptive mass of serpentine rock tra- 
verses the dense limestone, in a ravine which ascends 
from south-east to north-west, At the northern extre- 
amity of the ravine the serpentine is cut off, or perhaps 
only concealed, by a curved crest of calcareous rock. 
The specimens of serpentine brought home are partly 
green and fresh, and partly brown and weathered. In 
both, diallage is clearly recognisable. 

‘The volcano of Masaya, (**) which was celebrated even 
at the beginning of the 16th century, and concerning 
which, under the name of the Infierno de Masaya, reports 
wore made to the Emperor Charles V., is situated between 
the Inkea of Nicaragua and Managua, south-west of 
the charming Indian village of Nindiri. For centuries 
it presented the same rare and curious phenomena as 
thoue described at the voloano of Stromboli, Tn look- 
ing down from the margin of the crater, the waves of fluid 
lava, as moved by the subterranean vapours, were seen to 
rive and fall in the red-glowing abyu, The Spanish 
historian Gonzalez Fernando de Oviedo first ascended 
Masaya in July 1529, and drew comparisons between it 
‘and Vesuvius, which he had previously visited (1501) in 
the suite of the Queen of Naples, as her aefe de quarda- 
ropa. The name “ Masaya” belongs to the Chorotega 
language of Nicaragua, and signifies “burning moun- 
tain.” This voleano, surrounded by an extensive lava- 
field (mal-pays), which it has probably formed, was then 
reckoned as belonging to the mountain-group of the 
“nine burning Maribios.” “In its ordinary state,” 
myx Oviedo, “the surface of the Java, on which black 
storim are floating, remains several hundred feet below 
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the margin of the crater; but sometimes, by a snddées 
vehement boiling up, it almost reaches the upper rim” 
The perpetual light scen from distance is remarked ty 
Oviedo (who expresses himself on the subject with 
great distinctness and sagacity) to have been caused, net 
by any real flame, (?7) but by vapours illuminated from 
beneath. The light is said to have been’ so strong, 
that at a distance of more than three leagues, on the 
route from the volcano to Granada, the illumination of 
the country around almost equalled that of the full 
moon, 

Eight years after Oviedo’s visit, the volcano wat 
ascended by the Dominican monk Fray Blas del Castillo, 
who entertained the foolish notion that the @uid leva in 
the crater was liquid gold, and associated himself with 
an equally covetous Franciscan monk of Flanders, Fray 
Juan de Gandavo, for obtaining it. These two men, 
availing themselves of the credulity of the Spanish 
settlers, set on foot a “company” who were to furnish 
the necessary funds, “ they themselves, however,” as 
Oviedo sarcastically remarks, “claiming exemption,” a8 
ecclesiastics, “from any pecuniary contribution.” ‘The 
account of the execution of this bold undertaking, giver 
by Fray Blos himself in a report to the Bishop of Qas- 
tilla del Oro, Thomas de Verlenga, has been only re- 
cently made known (1840) by the discovery of Oviedo 
memoir on Nicaragua. Fray Blas del Castillo is the 
same person that is spoken of in the writings of Gomara, 
Benzoni, and Herrara, as Fray Blas del Inesta. He had 
once served on board a vessel as a sailor, and wished to 
imitate the method he had seen used by the inhabitants 
of the Canary Islands for gathering the Lichen’ Roecella 





ON 37S EXTERIOR, VOLCANOES, 255 


(which furnishes a dye-stuff), from the face of precipitous 
cliffs, suspending themselves for that» purpose by ropes 
overhanging the sea, For some months various contri- 
vances were tried with a crane and pulley for supporting 
# long beam over the abyss, The Dominican, with his 
head covered with an iron helmet, and a crucifix in his 
hand, and three other members of the association were 
let down, and remained for a whole night on a part of 
the solid crater floor, from whence they made vain 
attempts to fill earthen vessels, lowered in an iron 
ealdron, with the supposed liquid gold. In order not 
to discourage the shareholders(?"), they agreed to say, 
when they were drawn up, that they had found great 
riches; and that “el Infierno de Masaya” would 
henceforth deserve to be called “el Paraiso de Masaya.” 
The operation was subsequently repeated several times, 
until the governador of the neighbouring city of Gra- 
nada, either suspecting the deceit or that the royal 
revenue would be defrauded, forbade “ persons being let 
down by ropes into the crater.” This was in the summer 
of 1538; but in 1551, Juan Alvarez, Dean of the 
Chapter of Leon, received from Madrid the very 
naive permission “to open the volcano and take out 
the gold contained in it.” Such were the popular 
beliefs in the 16th century; and even in our own times, 
in 1822, it was necessary that Monticelli and Corelli, at 
Noples, should demonstrate by chemical experiments 
that the ashes of Vesuvius, from the eruption of 
the 28th of December, did not contain any gold !(*) 
The volcano of Izalco, which is situated on the 
west const of Central America, thirty-two miles north 
of San Salvador, and cast of the harbour of Sonso- 
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nate, broke forth eleven years later than the yoleano 
of Jorullo in the interior of Mexico, Both outbreak 
took place in cultivated plains, and after saver! 
months of earthquakes and of subterranean “ roarings” 
(bramidos). In the Llano de Tzaleo a conical bill ww 
upheaved ; and contemporaneously with its upheavals 
stream of lava began to pour forth from its summit 
This was on the 23rd of February 1770. It is still 
uncertain how much of its rapidly increasing height 
should be attributed to “upheaval of the ground,” and 
how much to “ accumulation * of erupted scorie, ashes, 
and masses of tufa; but it is certain that, instead of 
soon becoming extinct like Jorullo, the volcano of Tzaleo 
has continued, ever since its first appearance, in uninter- 
rupted activity, and often serves as a lighthouse to 
mariners making the land in the Bay of Acajutla, Four 
eruptions of flame are reckoned to take place in an 
hour; and the great regularity of the phenomenon lias 
astonished the few accurate observers who have wit. 
nessed it.(™°) ‘The strength of the eruptions yaried, 
but not the time at which each took place. The height 
attained by the voleano of Izaleo was estimated after 
the last great eruption, of 1825, at about 1600 feet, 
nearly equal to the height of Jorullo above the original 
cultivated plain from which it rose, but almost four 
times as great as the crater of elevation in the Phle 
gran Fields, called the Monte Nuovo, to which Seac- 
chi (™) assigns, by exact measurement, 4314 feet. The 
permanent activity of the volcano of Tzaleo, which was 
long regarded as a safety-valve for the country round 
San Salvador, did not, however, preserve the town from 
complete destruction on Easter night in 1854, 
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‘The one of the Cape de Verde Islands which rises be- 
tween S. Ingo and Brava had early received from the 
Portuguese the name of IMha do Fogo, because, like 
Stromboli, it incessantly emitted fire; and it continued 
to do s0 from 1680 to 1713. After a long interval of 
repose, this voleano was rekindled in the summer of 
1798, a short time after the last lateral outbreak of the 
Peak of Teneriffe in the crater of Chahorra, which crater 
was erroneously named, as if it had been a distinct 
mountain, the “ Volcano of Chahorra.” 

‘The most active of all the volcanoes of South America, 
and indeed of all those which I have here enumerated, 
is Sangay; also called Volcan de Macas, because the 
remains of the ancient and, at the time of the Conquista, 
populous city of that name are situated only twenty- 
eight miles to the south of it, on the Rio Upano. This 
colossal mountain, 17,124 feet high, has been elevated 
on the eastern declivity of the Eastern Cordillera, be- 
tween two systems of tributaries to the Great River of 
the Amazons, i.e. the river-systems of the Pastaza and 
of the Upano, The great and incomparable igneous 
plizenomenon now presented by this volcano would appear 
to have only begun in 1728. In the measurement of 
ani arc of the meridian by Bouguer and La Condamine 
(1738 to 1740), Sangay served them as a perpetual fire 
signal. (**) I myself heard its thunder for months in 
1802 (particularly in the early morning) from Chillo 
near Quito, the pleasant country seat of the Marques 
de Selvalegre, ux, half a century before, Don Jorge Juan 
had beard “the ronquidos del Sangay” from a point 
rather more to the north-east, near Pintac at the foot of 
Antisana.(™) In the years 1842 and 1843, when the 
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eruptions were combined with the greatest noise, the 
sound was heard distinctly, not merely in the harbour 
of Guayaquil, but also farther to the south, along the 
shores of the Pacific, as far as Payta and San Buena — 
yentura; a distance about équal to that between Berlin: 
and Basle, the Pyrenees and Fontainebleau, or London 
and Aberdeen, Although, since the beginning of the 
present century, the voleanoes of Mexico, New Granada, 
Quito, Bolivia, and Chili have been visited by geologists, 
yet, unfortunately, Sangay (which exceeds Tungurabus 
in height), owing to its solitary position remote from all 
routes of communication, has remained entirely neg- 
lected. It was not until December 1849, that an adven- 
turous and highly informed traveller, Sebastian Wisse, 
who had resided five years among the Andes, ascended 
Sangay and almost reached the highest summit of the 
steep snow-covered cote; he determined chronome- 
trically the exact intervals of the astonishingly: fre 
quent eruptions, and examined the composition of 
the trachyte which, limited to so restricted an. 
breaks through the gneiss; 267 eruptions were 
in an hour, each lasting on an average 13/4, () 
and —which is very remarkable —not accompanied 
by any sensible shaking of the cone of cinders, The 
erupted substances, veiled for the most part in much 
smoke (sometimes of a grey, and sometimes approaching 
to an orange colour), consisted chiefly of mingled black 
ashes and rapilli, but partly also of scoris, which 
rose perpendicularly and were globular, about 16. 
or 17 inches in diameter. In one of the 
eruptions, Wisse counted from 50 to. 60 glowing, stoma: 
simultaneously erupted. Most of them fall back into 
he crater; sometimes they cover its upper margin, or 
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tmet with least resistance. Three degrees of latitude 
are included in the space in which the voleanic ac 
tivity manifests itself fearfully in Etna, in the olin 
Tales, in Vesuvius, and the Phlegrwan Fields, from 
Puteoli (Dicwarchia) to Cuma and to the fire-yomit. 
ing Epopeus on Ischia, the Tyrrhenian Ape’s 


‘Enaria, Such a connection of analogous phenomess 
could not escape the notice of the Greeks. Strabo» 
says, “The whole sea, beginning from Cuma to Se 
cily, is traversed by fire, and has undoubtedly in its 
depths hollow passages communicating with each other 
and with the mainland.(®*) Such an inflammable 
nature, as is described by all, shows itself not only ia 


Etna, but also in the country around Dicwarchus apd 
Neapolis, and around Baie and Pithecusm.” Hen | 
arose the fable that Typhon lies under Sicily, and thal, | 
when he turns himself, flames and water burst fortl, 
and sometimes even small islands and boiling water 
“Often, between Strongyle and Lipara (in this wide 
sweep), flames are seen to issue from the surface of the 
sea, when the fire opens for itself a passage from the 
cavities in the depths, and violently forces its outward 
way.” In Pindar(™), the body of Typhon is so yast, 
that “ Sicily and the sea-surrounded heights abor 
Cums (Phlegra, the ‘field of burning’) lie on the 
monster's shaggy breast.” 4 
Thus Typhon (the raging Enceladus) became in the 
Greek popular phantasy, the mythic designation of the 
unknown cause of volcanic phwnomena, lying deeply 
buried in the bosom of the earth. By the situation 
and space assigned to his bulk, they indicated the 
boundaries and connected action of the particular yol- 
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Islands which form the southern boundary of the almot 
closed Behring’s Sea. We will pause to consider som 
of these leading groups in more detail; particularities 
often lead, by their intercomparison, to the fundamental 
relations of phenomena. “ 
‘The line of volcanoes of Central America (according 
to the older nomenclature, the volcanoes of Costa Rica, 
Nicaragua, San Salvador, and Guatemala) extends (from 
the volcano Turrialva near Cartago to that of Soconus) 
over six degrees of latitude, 10° 9 to 16° 2’ N., ina 
generally S. E. and N. W. line, and, with its few curve, 
has a length of 540 geographical miles, about equal to 
the distance between Vesuvius and Prague. The mot 
near to each other (as if they had been upheaved upm 
a single fissure only sixty-four miles long), are the eight 
volcanoes which lie between the Laguna de Manngu 
and the Bay of Fonseca, between the voleano of Momo- 
tombo, and that of Conseguina whose subterranest 
thunder in 1835 was heard in Jamaica and in the high | 
lands of Bogota, resembling the fire of artillery. In 
Central America, and in the whole southern portion ofthe 
New Continent, or, to speak even more generally, from 
the Archipelago de los Chonos, in Chili, to the most 
northern volcanoes of Edgecombe, on the small island 
near Sitka, (7) and Mount Elias in Prince William's 
Sound—over a distance of 6400 geographical miles—the 
voleanie fissures have everywhere been opened on the 
western side, or nearest to the shore of the Pacific, At 
the point where the Central American line of volcanoes 
(im lat. 131°, north of the Gulf of Fonseca) enters the 
State of San Salvador, at the volcano of Conchagua, the 
directions, both of this line and of the western coast-line, 
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change simultaneously, The line of volcanoes now runs 
E.S.E.—W.N.W.; and farther on, where they are no 
near to each other that five, still in a state of greater or 
Jess activity, are found in the short course of 120 miles, the 
direction even becomes almost E—W. This deflection 
corresponds to a great widening of the continent towards 
the east, in the peninsula of Honduras, where the coast- 
line tarns os suddenly, and runs from Cape Gracias & 
Dios to the Gulf of Amatique for 300 miles doe east 
and west, its direction having been before, for a similar 
distance, north und south. At the group of the high 
voleanoos of Guatemala, 14°10’ N., the line resumes its 
earlier N. 45° W. bearing, and maintains the mme to 
the Mexican frontier towards Chiapa and the isthmus of 
Hunsacualeo, North-west from the volcano of Soco- 
nusco to that of Turtla, there has not been found even an 
extinct cone of trachyte; mica slate and granite rich in 
quartz everywhere prevail. 

‘The volcanoes of Central America do not crown the 
adjacent mountain-chains, bat rise for the most part 
sdugly, and entirely detached from each other, along the 
foot of the chains. The greatest elevations are at the 
two extremities, At the southern end, in Costa Rica, 
from the summit Irasu (the voleano of Cartago) both 
‘oceans are visible, to which indeed, besides the height 
(11,079 feet), the more central position contributes. 
South-east of Cartago there are mountains between 
11,000 and 12,000 feet high,—Chiriqui 11,262, and the 
Pico Blanco 11,737 feet. Nothing is known of the 
teks of which they consist; probably they are un- 
opened trachytic cones. Farther to the south-east, the 
mountains in Veragua sink to little more than 5000 





and GHD fee This appears to be the mean height of 
the telmmans of Nacecacss aod Sun Salvador; but towards 
the merth-weterm extremity of the whole line, not far 
fem the ee ctr of Gustemal, two volcanoes again 
Tie te abore 13,000 feet The maxims therefore fall, 
accu ts my stiempt at bypsometric classification 
ef volcamees, into the third group, like Eton and the 
Peak of Tenerife; wheres: the greater number of 
elevations, stunted beteren the two extremities of the 
Tine, are scarcely S000 feet higher than Vesuvins. The 
volcanses of Mexico, New Granada, and Quito belong 
to the Bfth group, amd mostly exceed 16,000 Frenci 
feet (17,052 Emgtich). 

Although in Central America the continent, from tht 
Isthmus of Panama, through Veragus, Costa Rica, asd 
Nicaragua, to the parallel of 113° N., widens considers 
bly, yet, from the great area of the lake of Nicaragus, 
and the low level of its surface (less than 130 feet above 
either sea), (") there is such a depression of the land 
that an overflowing current of air from the Caribbeas 
Sea often passes across to the Pacific, causing thost 
north-east storms, dangerous to navigation, which some- 
times rage uninterruptedly for four or five days. These 
storms have the remarkable feature of being usually 
accompanied by an almost cloudless sky. They are 
termed “ Papagayos,” and have given this name to the 
part of the west coast of Nicaragua which is between 
Brito, or Cabo Desolado, and Punta S. Elena (from 11° 
22/ to 10° 50/N. Iat,): it in called Golfo del Papagayo, 
and, south of the Puerto de San Juan del Sur, encloses 
the little bays of Salinas and S. Elena, In sailing from 
Guayaquil to Acapulco, I had an opportunity of obsery- 
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implying a similar absence of lava in those of Central 
America, It is true, indeed, that in the majority of 
cases, as, for example, at the present time in the volean 
of Izalco, eruptions of scori@ and ashes are una 
companied by streams of Java; but the description 
given by eyewitnesses of lava-pouring eruptions in four 
yolcanoes— Nindiri, el Nuevo, Conseguina, and San 
Miguel de Bosotlan—militate against the supposition 
above noticed. (?*) 

I have purposely dwelt at some length on the pest 
liarities of the situation and near vicinity to cach other 
of the volcanoes of the Central American line, in the 
hope that some geologist, who has made himell 
thoroughly acquainted with the active European vole 
canoes, and the extinct ones of Auvergne or of the 
Vivarais or of the Eifel, and (which is of the greatest 
importance) who is competent to describe the minenme 
logical composition of the rocks according to the mt 
quirements of the present state of knowledge, might 
feel himself incited to visit so near and accesible « 
region. Much still remains to be done there, supposing 
the traveller to devote himself exclusively to geognostical 
researches and particularly to the mineralogical deter 
mination of the trachytes, dolerites, and melaphyres— 
to the discrimination of the originally upheaved maw 
from the part which has been covered over by subs 
quent eruptions,—and to the discovery and recognition 
of actual narrow uninterrupted currents of lava, which 
are too often confounded with accumulations of erupted 
seoriw, Conical or dome or bell-shaped mountains which 
have never been opened are to be most carefully distin- 
guished from voleanoes which cither now emit, or have at 





any former period emitted scorte and lara, Eke Vesuvius 
and Etna, or scori@ and ashes only, like Pichincs and 
Cotopaxi. I do not know anything which holds oct » 
better promise of a brilliant advance in our knowledge 
of volcanic activity, in which sufficiently varied observa 
tions extending over large and connected continental 
spaces are still greatly wanting. And further, supposing 
collections of rock-specimens to be obtained and brought 
home from several isolated true volcanoes, and from un- 
opened trachytic cones, and also from the non-valcanic 
masses which have been broken through by them, the 
chemical analysis to which the specimens would be 
would be drawn from the analysis, would open a no less 
wide and fruitful field. Central America and Java have 
both the undeniable advantage over Mexico, Quito, and 
Chili, of offering the most varied and the most crowded 
examples of “ scaffoldings” im which volcanic activity 
is displayed over large areas. 

At the point, in lat. 16° 2’ N., where at the boundary of 
Chinpa the very characteristic series of the Central Ame- 
rican volcanoes terminates in the volcano of Soconusco, 
awholly difforent system of volcanoes, the Mexican one, 
begins. The isthmus of Huasacualco and Tehuantepec, 
#0 important for future commerce with the coasts of 
the Pacific, as well asthe more north-westerly State of 
Oaxaca, is entirely without volcanoes, and perhaps also 
without unopened trachytic cones. It is not until after 
# distance of 160 miles from Soconusco, that the small 
yoleano of Turtla, in lat. 18° 28’, rises on the coast of 
Alvarado. Situated on the eastern declivity of the 
Sierra de San Martin, it had « great eruption of flames 
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and ashes on March 2,1793. In consequence of having 
made exact determinations of the latitudes and Jongi- 
tudes of the giant Snowy Mountains and volcanoes & 
the interior of Mexico, and while entering the culmi- 
nating points on my large map of New Spain after ay 
return to Europe, I was led to the exceedingly nm 
markable result, that there is there a parallel of w- 
canoes and of culminating points running from sea te 
sea, and deviating only a few minutes on either side of 
the parallel of 19°. The only volcanoes, and at the same 
time the only summits covered with perpetual snow — 
therefore the only mountains exceeding 12,000 feet ia 
the country,—the volcanoes of Orizaba, Popocatepetl, 
Toluca, and Colima, lie between the parallels of latitule 
of 18” 59’ and 19° 20’, and mark at the same time “the 
direction of a fissure of volcanic activity ” 360 miles ia 
length.(?*) In the same east and west line (in Int 19° 
9’), intermediate between the volcanoes of Toluca aud 
Colima, distant 116 miles from one, and 128 miles from 
the other, in a wide plain 2583 feet high, the ner 
voleano of Jorullo (4265 feet) was upheaved on tho 
14th of September 1759. ‘The locality of thin even 
viewed in relation to the situation of the other Mexican 
yolcanoes,—and the circumstance that the east and wet 
fissure I have just spoken of intersects at almost right 
angles the south south-east and north north-west direc 
tion of the great chain of mountains,—are geological 
phenomena no less important than are the distance from 
the sea of the point at which Jorullo has been elevated, 
and the evidences of its upheaval which I haye repre- 
sented in detail graphically, viz, the countless vapour 
exhaling hornitos which surround the voleano, and the 





ON ITS EXTERIOR. VOLCANOES. 269 


pieces of granite which, in » district otherwise entirely 
devoid of granite for a great distance, I found imbedded 
in the Inva which had poured forth from the principal 
volcano of Jorullo. 

The following table contains the latitudes and alti- 
tudes of the series of Mexican voleanoes which have been 
elevated over a fissure running from sea to sea and 
crossing the fissure of elevation of the great mountain- 
chain, 


Series from E. to W. Geogr. Latitude, "tight shove 
Voleano of Orizaba . 19° 2/17” 17,879 feet, 
Nevado Istaccihuatl . 1910 3 15,705 
Volcano Popocatepetl 18 69 47 = 17,726 
Volcano of Toluca. 19 11 33 «s15,168 
Voleano of Jorullo . 19 9 0 4,265 
Volcano of Colima . - 19 20 0 13,003 


‘The westward prolongation of this parallel of volcanic 
activity in the tropical zone in Mexico conducts, at a 
distance of 440 miles from the coast, to a group of 
islands in the Pacific called Revillagigedo, in the vicinity 
of which Collnet has seen pumice floating, and perhaps, 
yet farther, to the great volcano of Mouna Roa (19° 28’ 
lat.) 3360 miles distant, without the upheaval of any 
intervening islands, 

The linear group of Quito and New Granada com- 
prises a voloanic zone which extends from 2” 8, to 
nearly 5° N. latitude. The extremities of the ares, in 
which the reaction of the earth’s interior against the 
wirface now manifests itself, are the uninterruptedly 
active volcano Sangay, and the Paramo and Volcan de 

x3 
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Ruiz, which became again active in 1829, and from 
which Carl Degenhardt saw smoke issue in 1831 and 
1833, he being, on the first occasion, at the Mina de 
Santana in the province of Mariquita, and on the 
second at Mormato. Proceeding southwards from Ruiz, 
the next most remarkable traces of great phenomena 
of eruption are shown by the truncated cone of the 
voleano of Tolima (18,120 feet), celebrated on account 
of its devastating eruption of the 12th of March 1695; 
the volcanoes of Purace (17,006 feet) and Sotara, near 
Popayan; of Pasto (13,450 feet), near the town of the 
same name; of the Monte de Azufre (12,821 feet), near 
Tuquerres; of Cumbal (15,618 feet); and of Chiles in 
the Provincia de los Pastos, Then follow the historically 
more celebrated volcanoes of what is more strictly called 
the Highland of Quito, south of the equator, of which 
four, viz. Pichincha, Cotopaxi, Tungurahua, and Sangay, 
may certainly be regarded as still active. If, as will 
be presently more fully shown, to the north of the 
mountain-knot of Robles, near Popayan, where the 
great chain of the Andes forks into three, it is only in 
the middle cordillera, and not in the western one which 
is nearest to the sea, that volcanic activity shows itself, 
on the other hand, to the south of the said knot, where 
the Andes form only two parallel chains, being those 
80 often mentioned in the writings of Bouguer and La 
Condamine, the distribution is so equal that the four 
volcanoes of Pastos, as well as Cotocachi, Pichincha, 
Tliniza, Curguairare, and Yana-Ureu at the foot of 
Chimborazo, have broken forth on the western cordil- 
lera; and Imbabura, Cayambe, Antisana, Cotopaxi, 
Tungurahua (over against Chimborazo, yet near the 
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middle of the narrow high plain), the Altar de los 
Collanes (Capac-Uren), and Sangay on the eastern one, 
If we embrace the whole northernmost group of South 
American volcanoes in one view, the opinion, often ex- 
pressed in Quito and in some measure supported by 
historic accounts, of a migration of the greater intensity 
of volcanic activity to the southward, will seem to 
noquire some degree of probability. It is true, on the 
other hand, that in the south, by the side of the well 
nigh incessantly active colossal Sangay, we find the 


‘The area not covered by groups of volcanoes in the 
Andes, is far greater than is commonly supposed. In 
the northern part of South America, from the Volcan 
de Ruiz and the cone of Tolima, the two northernmost 


the south, a still longer tract in which there are no 
volcanoes extends nearly 1000 miles, from Sangay, 
the southern extremity of the New Granada and Quito 
(group, to Chacani near Arequipa, the commencement of 
the Pern and Bolivia series of voleanoes, So compli- 
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cated and so.diverse must have been, within the same 
chain of mountains, the circumstances and relations 
on which the formation of permanently open fissures, 
and unobstructed communication between the molten 
interior and the atmosphere, depend. Between the 
groups of trachytic, and doleritie rocks through which 
the volcanic forces become active, there intervene some- 
what shorter tracts, in which the prevalent rocks are 
granite, syenite, mica schists, clay slates, quartzos 
porphyry, siliceous conglomerates, and caleareons rocks, 
of which last a considerable portion (according to Vou 
Buch's skilful examination of the organic remains 
brought home by Degenhardt and myself) belong to ebslk 
formations, As I have elsewhere remarked, the gradually 
increasing frequency of rocks containing labradorite, 
pyroxene, and oligoclase announces to the attentive 
traveller that he is passing from what had so far been & 
distinct zone, non-volcanic and often rich in silver found 
in porphyry without quartz and full of vitreous feld- 
spar, into volcanic regions still in free communication 
with the interior of the earth. 

The more exact knowledge which has been recently — 
acquired of the position and boundaries of the fre 
groups of volcanoes (i. ¢ the groups of Anahune or 
tropical Mexico; Central America; New Granada and 
Quito; Pera and Bolivia; and of Chili) teaches us that 
in the portion of the Cordilleras which extends from 
194° north to 46° sonth Jatitude, making, with the 
curves occasioned by variations in the direction of the 
axis, a length of about 5000 geographical miles, very 
little more than the half (®*) has volcanoes, If we 
examine the distribution of the non-voleanic spaces, we 
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find that the maximum interval is between the third and 
fourth of the aforesaid five groups, i.¢. between the 
groups of Quito and Peru (fully 960 miles), while the 
least interval is between the first and second group, those 
of Mexico and Central America. The four intervals 
between the five groups are respectively 300, 630, 960, 
and 540 geographical miles. The great distance be- 
tween the southernmost voleano of Quito and the 
northernmost of Peru occasions, at the first moment, 
the more surprise from the old custom of calling the 
measurement made on the highlands of Quito “the 
Peruvian Arc.” Tt is only the smaller and southern 
portion of the chain of the Andes of Peru that is vol~ 
eanic, Aovcording to lists which I have prepared after 
a careful discussion of the most recent data, the follow- 
ing is a general tabular view of the number of volcanoes 





Nureder of 
1. | Sumber of | Volennoes 
Foleanoes in | considered 


According to this estimate, the total number of vol- 
canoes in the five American groups is ninety-one, of which 
fifty-six belong to the South American continent. T 
reckon a4 volcanoes, in addition to those which are still 
burning and active, mountains from which eruptions 
are known to have taken place within historic times, 
and alyo mountains which by their structure and by the 

no 
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presence of craters of elevation and eruption, of lavas, 
scorie, pumice, and obsidians, are characterised as vol- 
canoes once active, but which had become extinct prior 
to traditional or historic evidence. Unopened trachytic 
cones and domes, or unopened long trachytic ridges, 
as Chimborazo and Isztaccihuatl are excluded. Von 
Buch, Charles Darwin, and Friedrich Naumann employ 
the word volcano with a similar limitation. I term 
“still active volcanoes” those which, when viewed in close 
proximity, still show signs of activity in a greater or less 
degree, and of which some haye also had in recent 
times great and well-attested eruptions. I have pur- 
posely said “when viewed in close proximity,” as this 
last is a very important condition; for many volcanoes 
have had their still-subsisting activity denied because, 
when viewed from the plain, the thin vapours which 
at a great height rise out of the crater are not seen. 
Thus, at the time of my American journey, it was even 
denied that Pichincha and the great volcano of Mexico, 
Popocatepetl, were still burning! although an enter- 
prising traveller, Sebastian Wisse (‘), counted in the 
crater of Pichincha, around the great cone of eruption, 
seventy gtill burning openings or “ fumaroles,” and, 
being engaged in measuring a base-line at the foot of 
Popocatepetl, in the Malpais del Llano de Tetimpa, I 
myself witnessed a very distinct eruption of ashes from 
that volcano, (**') 

In the New Granada and Quito line, about twice the 
length of the chain of the Pyrenees, and in which ten 
out of 18 volcanoes are still burning, we may point out 
four smaller groups or subdivisions. Proceeding from 
north to south, these are, the Paramo de Ruiz and the 





‘OX ITS EXTERION. YOLCANOES. 275 


sAjacent voleano of Tolima (4° 55’ N. lat., according to 
Acosts); Puraece and Sotara near Popayan (N. 2}°); the 
Voleanes de Pasto, Tuquerres, and Cumbal (N. 2° 20’ to 
© 50’); and the series of volcanoes from Pichincha near 
Quito to the uninterruptedly active Sangay (from the 
eqnator to 2°S.). This last-named subdivision of the 
entire group is not particularly distinguished among 
the volcanoes of the New World, either by its great 
length or by the number it comprises; nor does it, as 
we now know, contain the highest suramit : for Aconcagua 
im Chili (S. lat. 32° 39’), 23,003 feet high according to 
Kellett, 23,909 feet according to Fitz Roy and Pentland, 
as well as the Nevados of Sahama (22,349 feet), Parina- 
cota (22,029 feet), Gualateiri (21,959 feet), and Poma- 
rape (21,699 fect), all between 18° 7’ and 18° 25'S. 
latitode, are all believed to be higher than Chimborazo 
(21,422 feet). Yet it is the volcanoes of Quito which, 
among all the volcanoes of the new continent, enjoy the 
most wide-spread renown; for it is to this part of 
the chain of the Andes, and to these highlands of Quito, 
that the remembrance of arduous labours for important 
objects in astronomical, geodesical, optical, and barome- 
trical operations, attaches itself, in connection with the 
brilliant names of Bouguer and La Condamine. Where 
intellectual amociations prevail, where a multitude 
of ideas have been awakened which have led simulta- 
neously to the enlargement of several sciences, fame 
remains long attached to the locality. Thus it has been 
in the Swiss Alps with Mont Blanc, not on account of 
ite height, in which respect it surpasses Monte Rosa 
only by 557 feet, nor on account of dangers overcome in 
ite ascent, but by reason of the value, number, and 
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variety of the physical and geological views which shed 
a lustre around the name of de Saussure, and around the 
scenes of his untiring labours. External nature appears 
to us clothed with the most grandeur where her direst 
visible image is blended with its reflection from the in- 
tellectual mirror of the human mind. 

‘The Peruvian and Bolivian series, also belonging 
wholly to the equinoctial zone, and, according to Pent- 
land, not covered with perpetual snow until the height 
of nearly 17,000 feet is reached (Darwin, Journal, 
1845, p. 244), attains its maximum elevation (22,350 
feet) in about the middle of its length, in the Sahama 
group, between 18° 7’ and 18° 25'S, lat. At Arica, there 
takes place a remarkable rounded inflection of the cosst- 
line, which corresponds to a sudden alteration in the 
direction of the axes both of the chain of the Andes ad 
of the western yoleanic line. From thence southwanie 
the direction of the coast, and at the same time of the 
volcanic fissure, is no longer from N.W, to S.E., but from 
north to south, which direction it maintains until near 
the western entrance of the Straits of Magellan, over 
distance of more than two thousand geographical miles 
A map of the “Verzweigungen und Bergknoten der 
Andeskette,” which I published in 1831, shows many 
similar correspondences between the outline of the 
continent and the course of the Cordilleras near or dis 
tant. Thus, between the capes Aguja and San Lorenzo 
(5}° to 1°S. lat.), both the shore of the Pacific and the 
Cordillems run from south to north, after having 
so long run from south-east to north-west between the 
parallels of Arica and Caxamarca; and thus, from the 
mountain-node of Imbaburu near Quito to that of De 
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Jou Robles (“*) near Popayan, the coast-line and the 
Cordilleras agree in a course which is even from S.W. to 
NE. It seems difficult to determine anything as to the 
geological causal connection in this frequently manifested 
secordance between the outlines of continents and the 
direction of adjacent mountain-chains (South America, 
Alleghanys, Norway, Apennines), 

Although at present in the volcanic series of Bolivia 
and Chili, it is the western branch of the Andes, or that 
nearest to the Pacific, which shows most traces of still-eub- 
sisting volcanic activity, yet a very experienced observer, 
Pentland, bas also discovered at the foot of the eastern 
chain, more than 180 geographical miles from the sea, 
a perfectly preserved bat extinct crater with unmistak- 
able streams of lava. This crater is at the summit of a 
conical mountain near San Pedro de Cacha, in the valley 
wf Yucay 12,000 feet high (lat. 14° 8’, long. 71° 20’); 
south-east of Cuzco, where the eastern snowy range of 
Apolobamba, Caxabaya, and Vileancto stretches from 
SE.toN.W This noteworthy point (“) is marked by 
the ruins of a celebrated temple of the Inca Viracocha. 
‘The distance of this former lava-yielding volcano from 
the sea is much greater than that of Sangay (which 
also belongs to an eastern cordillera), and greater than 
that of Orizabs, or of Jorullo. 

An interval of 540 miles without volcanoes divides the 
Yoleanic series of Peru and Bolivia from that of Chili; 
this is the distance of the eruption in the desert of 
Atacama from the volcano of Coquimbo. As already 
wemarked, 2° 34’ farther to the south the Chilian group 
of volcanoes reaches its maximum of elevation in 
Aconcagua, 23,003 feet high, which is also, according to 
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our present information, the maximum elevation 
all the mountains of the new continent. The mew 
height of the Sahama group is 22,008 feet, or 586 higher 
than Chimborazo, Then follow in rapidly diminishing 
elovation Cotopaxi, Arequipa (?), and Tolima, between 
18,877 and 18,129 feet. I give unaltered, in what look 
like very exact numbers, the results of measurements 
which, unfortunately, are necessarily compounded of 
trigonometric and barometric determinations; but Ido 
so with the view of inciting others to repetition and 
correction, Of the Chilian group of voleanoes a few 
only, out of the number of 24 mentioned in the table, 
have had their elevations determined; and these are 
mostly only the southernmost, or those between the 
parallels of 37°20 and 43° 40’, from Antueo to Yantales, 
and which are also the lowest, having only the incons- 
derable elevation of from 6000 to a little more than 
8000 feet, In Tierra del Fuego the summit of Sar 
miento, covered with perpetual snow, rises only (ae 
cording to Fitz Roy) to the height of 6821 feet. From 
the voleano of Coquimbo to the voleano of San Clemente, 
the distance is 968 miles. 

For the continual activity of several of the Chilian rol- 
canoes we have the important testimony of Darwin (™), 
who regards Osorno, Corcovado, and Acongagun 38 
decidedly still active, and the evidence of Meyen, 
Poppig, and Gay, who ascended Maipu, Antuco, and 
Peteroa; of Domeyko, the astronomer Gilliss, and Major 
Philippi, The number of still-burning craters may be 
taken at thirteen —only five lon (te ee 
American group. 

We now tum from these American PerenS 
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yoleanic groups to the old continent, where, on the 
contrary, we find the greater number of crowded groups 
of voleanoes not on the mainland, but on islands. Thus, 
most of the European volcanoes are in the Mediterranean, 
and indeed (including the great and repeatedly active 
crater between Thera, Therasia, and Aspronise) in the 
‘Tyrrhenian and Afgean portions of that sea; and in Asia 
the mightiest volcanoes are to the south and east of the 
continent, in the greater and lesser Sunda Islands, the 
Moluccas and the Philippines, in the islands of 
Japan, and the Kurile and Aleutian archipelagos. 

Tn no other part of the earth’s surface are there such 
frequent and such fresh traces of active communication 
between the interior and the exterior of our planet, as 
in that comprised between the parallels of 10° S. and 
14° N. latitude, and the meridians of the south 
point of Malacca and of the west point of the Papua 
peninsula of New Guinea, The area of this voleanic 
archipelago, washed by the Sunda, Banda, Solu, 
and Mindoro seas, scarcely equals that of Switzerland. 
The single island of Java contains at present a greater 
number of still-burning volcanoes than does the whole 
southern half of America, although it is only 544 geogra- 
phieal miles long, or one seventh of the length of South 
America. A new and long-looked-for light on the goo- 
Jogical constitution of Java (after the earlier and very 
incomplete though meritorious labours of Horsfield, 
Raffles, and Reinwardt) has been recently afforded. by 
@ courageous, accomplished, and unweariedly active ex- 
plorer of nature, Franz Junghuhn, After a residence 
of more than twelve years in Java he has comprised the 
whole natural history of that island in an instructive 
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work entitled, “Java, seine Gestalt und Pflanzendecke 

und innere Bauart.” Above 400 heights were messurel 

barometrically with great care ; the volcanic, conical, aud 
bell-shaped mountains, 45 in number, were all drawn ia 
profile, and, with the exception of three (#*), wer 
all ascended by Junghubn. Above half (at least 28) 
were recognised as still burning and active; their 
remarkable and very various forms have been mest 
clearly described, and the history of their eruptions, at 
far as was possible, investigated. No less important 
than the volcanic phanomena of Java, are its sedimet- 
tary rocks of tertiary formation, which previously to the 
above-mentioned work were wholly unknown to us 
although they cover three fifths of the entire area of the 
island, especially its southern portion. In many parts of 
Java there are found, as remains of former extensive 
forests, pieces, from three to seven feet long, of silicified 
trunks of trees exclusively dicotyledonous. Fora land ia 
which palms and tree ferns now grow in abundance, 
this is the more remarkable, because in the miocene 
tertiary rocks (the brown coal) of Europe, where arbo- 
rescent monocotyledons do not now grow, fossil palms 
are often found.(*) By diligently forming a collection 
of impressions of leaves and of fossilised woods, Jung- 
huhn has provided materials which, being ably examined 
and worked up by Géppert into an “ancient flora” of 
Java, have given us the first example of a fossil flora 
from a purely tropical region. 

The voleanoes of Java are far inferior in height to those 
which we have been speaking of in America, the Chilian, 
Bolivian, and Peruvian groups, and even to the less lofty 
groups of Quito and New Granada, and of tropical 
Mexico (23,000, 21,000, and 18,000 feet),— the highest 
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ofthe South American volcanoes being almost the height 
of Etna above the highest volcanoes in Sumatra and Java, 
In the latter island, the still-burning Gunung Semeru 
isthe culminating point of the whole Javanese series, 
Junghubn ascended it in September 1844; the mean of 
his barometric measurements gave 12,235 feet above the 
sea, being 1748 feet higher than Etna, Atnight the ther- 
mometer sank to 43° Fabr. The more ancient Sanscrit 
name of Gunung Semeru was MahA Merfi (“the great 
Meru”), recalling the Indian Mount Meru, which, 
according to the Mahabharata was the mythic seat 
of Brahma, Vishnu, and the seven Devarshi.(") It 
is remarkable that, as the natives of the high plain of 
Quito had guessed antecedently to any measurement 
that the Chimborazo surpassed in height all the other, 
snowy mountains in their country, so also the Javanese 
knew the sacred mount Mahi Mert, but a little distant 
from Gunung Ardjuno (11,030 feet high), to be the 
loftiest mountain in Java, although, from the less 
height of their mountains, they had not the aid to 
the judgment afforded by the inferior limit of perpetual 
snow, or of a temporary snow-shower.(*) Next to 
Gunung Semeru, which, as we have seen, isa little above 
12,000 English feet high, come four other volcanoes of 
from 10,727 to 11,116 English feet. ‘These are (in 
descending series) Gunung Slamat(*) or Mountain of 
Tegal (11,116 feet), G. Ardjuno (11,030), G. Sumbing 
(11,028), and G. Lavu (10,727). The heights of seven 
other Javanese volcanoes fall between 9000 and 10,000 
French feet (9591 and 10,657 English), ‘These results 
are the more remarkable, as it was previously supposed 
that no mountain on the island exceeded 6000 French 
Seet.("") Of the five groups of North and South Awe- 








rican volcanoes, that of Guatemala (Central America) is 
the only one which in mean height is exceeded by the 
Java group. Although the Volean de Fuego near Old 
Guatemala is, according to Poggendorff’s calculatica, 
13,109 English feet, or 874 feet higher than Gunung 
Semeru, yet the rest of the Central American volcanic 
series only range: between 6000 and 7000 French feet, 
instead of, as in Java, between 7000 and 10,000 feet. 
The most lofty Asiatic voleano is to be found, however, 
not in the islands, but on the continent; for in the 
peninsula of Kamtachatka the voleano of Kliutschewsk 
rises to the height of 15,763 feet, or almost to that of 
Rucu-Pichincha in the Cordilleras of Quito. The well- 
filled volcanic range of Java, comprising more than 
45 volcanoes, has its principal axis(**) in a W.N.W. 
and E.S.E. direction (more exactly, W. 12° N.), being 
parallel, not to the longitudinal axis of Java itself, but 
to the voleanic series in the eastern part of Sumatra, 
‘The generality of direction in voleanie chains by no 
means excludes the phwnomenon to which attention has 
been recently called in the great chain of the Himalayan 
mountains, #4. ¢ that three or four single lofty summits 
may be 80 arranged as to constitute « short partial chain, 
whose axis may form an oblique angle with the principal 
axis of the entire chain. ‘This fissure-phenomenon, 
which has been observed, and in part put forwanl, 
by Hodgson, Joseph Hooker, and Strachey, is of great 
interest.(") The short axes of secondary fissures 
encounter the greater one, sometimes at almost a right 
angle; and even in volcanic chains, the very highest 
summits are often a little removed from the principal 
uxis, In the Javanese as in most volcanic series, node- 
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terminate relation is observed between the height of the 
mountain and the magnitude of the crater at the summit. 
The two largest craters belong to Gunung Tengger and 
Gunung Reon. The first of these is a mountain of the 
third class, only 8700 feet high. Its circular crater is 
about $4 miles in diameter. The level floor of the 
crater is 1866 fect below the highest part of the 
surrounding escarpment, and consists of a smooth bed 
of sand or pulverised rapilli, out of which fragments 
of scoriaceous lava project here and there. Even the 
enormous crater of Kirauea in Hawaii, which is filled 
with glowing lava, is inferior in size (according to the 
exact trigonometrical survey of Captain Wilkes and 
the excellent observations of Dana) to the crater of 
Gunung Tengger. In the middle of the latter there rise 
four amall cones of eruption, or, more strictly speaking, 
four ridge-encircled orifices, terminating in deep funnel~ 
shaped hollows, of which one only, Bromo (the mythic 
name Brahma, a word which in the Kawi has the sig- 
nification of “fire,” which does not appear in the 
Sanscrit), is now not burning. Bromo presents the re- 
markable phenomenon of having had « Inke formed in 
its funnel from 1838 to 1842, which Junghuhn has 
shown owed its origin to the access of atmospheric waters, 
warmed and acidified by the infiltration of sulphuric 
vapours. (4*) Next to Gunung Tengger, Gunung Raon 
has the largest crater, though its diameter is only half 
ax great. The view into it is awfully grand; it is at 
leant 2400 feet deep; and yet this remarkable volcano 
(10,180 feet high, and which has been ascended and 
moet carefully described by Junghuhn)(*) is not even 
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‘The voleanoes of Java, like most of the linear groups 
of volcanoes, present the important phanomenon, that 
simultaneity of eruption is much more rarely observed in 
cones adjacent to each other than in those which are far 
apart. When, in the night of the 11th of August 
1772, the voleano Gunung Pepandajan (7034 feet high) 
broke out into the most destructive eruption with which 
the island of Java has ever been visited within historic 
times, in the same night (11th to 12th of August) two 
other volcanoes, G. Tjerimai and G, Slamat, which are 
situated respectively 184 and 352 geographical miles in a 
direct line from G. Pepandajan(*"), also became ignited. 
Admitting the whole series of volcanoes to be over one 
and the same hearth, yet assuredly the network through 
which they communicate is so complicated, that the ob- 
struction of ancient channels of vapour, or, in the course 
of centuries, the temporary opening of new ones, 
render conceivable a simultaneous outbreak at very 
distant points, I may here recall the circumstance of 
the sudden disappearance of the column of smoke from 
the volcano of Pasto, on the morning of the 4th of 
February 1797, when the dreadful earthquake of Rio- 
bamba shook the high plain of Quito between Tungura- 
bua and Cotopaxi. ("%) 

The voleanoes of Java are described as having gene~ 
rally a ribbed character, to which I have never seen 
anything similar in the Canaries, in Mexico, or in the 
Cordilleras of Quito, The traveller already alluded to, 
to whom we owe such excellent observations on the 
structure of volcanoes, the geography of plants, and the 
psychrometric relations of humidity in Java, has de- 
seribed this phenomenon with such remarkable clear- 
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nese, that, with the view of inciting others to new 
investigations, I think it desirable to call attention to 
this feature. Junghuhn says, “Although the face of a 
conical volcano 11,000 feet high, Gunung Sumbing, 
seen from some distance appears like an uninterruptedly 
smooth incline, yet on a nearer view it is found to 
vonsist of separate long narrow ridges or ribs, which 
become more and more divided, and wider, in descending. 
They proceed from the summit, and still more 
frequently from a height of a few hundred feet below 
the summit, to the foot of the mountain, diverging on 
all sides like the ribs of an umbrella.” These long 
ridges or ribs have sometimes for a short distance a 
winding course; they are all divided from each other 
hy intervening clefts 300 or 400 feet deep, which also 
widen ont in descending. These radiated furrowings 
of the surface are found “on the sides of all the 
volcanoes in Java, but with considerable differences in 
regard to their mean depth and to the distance of their 
upper commencement from the margins of the craters 
or the unopened summits of the different mountains. 
Gunung Sumbing, 11,030 feet high, is one of those 
whieh show the finest and most regularly formed ribs, 
and with the greatest distinctness, as the mountain is 
without forest trees and is covered with grass.” Accord- 
ing to the measurements given by Junghuhn(*"), the 
subdivinion of the ribs increases with the decreasing 
angle of inclination. Thus, in G. Sumbing, above the 
zone of 9000 French feet there are only about 10 such 
yibs; at 8500 Fr. feet there are 32; at 5500 Fr. feet, 
72; and at 3000 Fr. fect (3197 English), above 95 ;— 
the angle of inclination decreasing at the same time 








successively from 37° to 25° and 10$°. The ribs of the 
voleano G, Tengger (8700 feet) are almost ax regular; 
those of G. Ringgit have been in a great degree covered 
over and destroyed by the devastating eruptions which 
have taken place since 1586.(‘) ‘The origin of thes: 
very peculiar longitudinal ribs and of the intervening 
clefta, of which drawings are given, are aseribed te 
“ erosion by torrents.” 

‘The mean quantity of meteoric water in this tropical 
region is indeed much greater than in the temperate 
zone: the rain often falls in floods resembling water 
spouts; and although on the whole the quantity of 
moisture diminishes in ascending bigher in the atmo 
sphere, yet on the other hand great conical mountains 
are powerful attracters of clouds, and, as I have shows 
elsewhere, voleanic eruptions have a specific action is 
exciting tempests. Phenomena in some degree analo- 
gous are, indeed,presented by the clefts and valleys, called 
barrancos, in the volcanoes of the Canaries and of the 
Cordilleras of South America, described by Von Buch(‘") _ 
and myself, which are important to the geological 
traveller in giving him access to the interior of the 
mountain, and sometimes even conducting him near to 
the highest summit and to the escarpment: surrounding 
a crater of elevation; but although the barrancos at 
times form channels through which the meteoric waters 
are carried off, yet their first origin is not to be ascribed 
to such waters() It is probable that fissures result- 
ing from the folding of the soft upheaved and only. 
later hardened trachytic masses preceded any effects 
of erosion by the action of the water. Butin the deep 
barrancos on the declivities of domes or conical mote 
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tsins in the volcanic district visited by me, “en las 
faldas de los Cerros barrancosos,” there were no. 

of the regularity and radiating arrangement which 
Janghubn has made known to us in the singularly 
formed volcanoes of Java.(“) Some analogy thereto 
may perhaps be traced in the phenomenon to which 
Von Buch and the ingenious observer of volcanoes 
Poulet Scrope had already called attention, viz, the 
‘circumstance that great fissures almost always open in 
the normal direction of the declivity, radiating (but 
without ramification) from the centre of the mountain, 
‘Rot transversely to it, either at a right or at an oblique 
angle. 

‘The belief in the entire absence of streams of lava 
in the Javanese volcanoes (‘), to which Leopold yon 
Buch was inclined as the result of the experience of the 
meritorious Reinwardt, has been rendered more than 
doubtful by recent observations. Junghuln does, indeed, 
remark that “the great volcano Gunung Merapi, within 
the historic period of its eruptions, has not poured 
forth any compact, connected streams of lava, but has 
only ejected lava fragments or unconnected pieces of 
rock, although, for nine months of the year 1837, lines 
of fire were nightly seen descending the slope of the 
cone of eruption."(* But the same traveller has 
described circumstantially and distinctly three black ba- 
waltic lava-streams on three volcanoes —G, Tengger, 
G, Idjen, and Slamat.(*) On the last-named volcano 
the lava-ntream, after giving occasion to a waterfull, is 
prolonged to the tertiary rocks,(®) Junghubn, in 
describing the eruption of G. Lamongan(*), July 1838, 
distinguishes with great accuracy between such true out- 
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one erupts only loose seorie; the other, lava flowing in 
barrow streams, Moreover in manycases these character- 
istic processes do not appear to have been always the same 
# different epochs. Rarity or absence of lava-streams 
toes not characterise either continent so as to dis- 
tinguish it from the other. Particular lava-streams 
way escape recognition from a variety of circumstances, 
Amongst these may be noticed an overlaying covering 
of tufa, ashes (rapilli), or pumice; the confluence, 
@ither at the same or different epochs, of several 
ewrents forming an extended lava-field, or space 
covered with fragments: and in an extensive plain, 
little cones of eruption, from which as at Lancerote 
streams of lava may have flowed, may have been 
destroyed. In the earliest conditions of our unequally 
cooling planet, in the first foldings of its surface, it 
appears to me very probable that there may have been 
an abundant flowing out of semifluid trachytio and 
doleritic masses, of pumice, and of perlite containing 
obsidian, from a complicated network of fissures above 
which no volcanic framework had yet arisen. The 
problem of such outpourings from simple fissures de- 
serves the attention of geologists. 

In the Mexican series of volcanoes the greatest and, 
since my American journey, the most celebrated phe- 
nomenon of upheaval is the elevation of the newly 
appeared Jorullo, and the emission of lava from it. 
This volcano, whose topography, established by measure- 
ments, I was the first to make known(‘”), presents by ita 
position, intermediate between the two volcanoes of 
Toluca and Colima, and by its having broken forth over 
the great fissure of volcanic activity(‘"*) which extends 
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from the Atlantic to the Pacific, an important an, fe 
that reason, a much eontested geological phanomess, 
By tracing upwards the great. stream of Java which bel 
flowed from the new volcano, I succeeded in pat 
trating deep into the interior of the crater, anid is 
setting up my instraments there. The theatre in whidd 
this great natural event took place was a wide ai 
previously long-tranquil plain in the former provincsil 
Michuacan, more than 120 geographical miles from ay 
other volcano; the time was the night of the 28th to the 
29th of September 1759; and for two full months pres 
ously, uninterrupted subterranean noises had been heark 
Unlike the wonderful “bramidos” of Guanaxuato in 1784, 
which I have described elsewhere (*), these noises wet | 
accompanied, as is more usually the ease, by earthquake 
shocks, which phenomenon was altogether absent in the 
neighbourhood of Guanaxuato in 1784, The opheanl | 
of the new volcano, at 3AM. in the morning) of the — 
29th September, was announced on the preceding day — 
by @ phenomenon which in other eruptions usually 
marks, not their beginning, but) their end, Om the 
spot where the volcano now stunds there was formerly 
a thick growth of Guava trees (Psidium pyrifenam), 
of the fruit of which the natives are particularly fond. 
Labourers from the sugar-plantations of the Hacients 
de San Pedro Jorullo, belonging to the wealthy-pre 
ptietor Don Andres Pimentel, who was then living im 
Mexico, had gone out to gather guavas, When they 
returned to the hacienda, it was remarked, with astonish 
ment, that their wide straw hats were covered with 
volcanic’ ashes. From this it would appear that, is 
what is now called the Malpais, probably at the foot of 
= 
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At the Hacienda de Jorullo, in the confusion of the 
general flight by night, a deaf and dumb negro save 
was forgotten and left behind. A Mestizo had th 
humanity to return and rescue him while the hous 
was still standing; and the narrators still recountel 
with pleasure that he was found kneeling, with a om 
secrated taper in his hand, before the picture of Novstrs 
Sefiora de Guadalupe. 

According to the widely prevailing and accordant 
native tradition, the eruption of lange rocks, seorim, 
sand, and ashes was in the first days always scoom- 
panied by that of muddy water. In the account abore 
alluded to, written on the 19th of October 1769, bys 
man who, with an accurate knowledge of the locality, 
was describing that which had just taken place, iti 
said expressly “que espele el dicho Volcan arens 
ceniza y agua.” All eyewitnesses relate (I translate 
from the description in the official report “on the State 
of the Voleano of Jorullo," March 10, 1789, by the 
intendant Colonel Riafio and the German commissary — 
Franz Fischer, who had entered into the Spanish ser 
vice) that “before the dreadful mountain appearel 
(antes de reventar y aparecerse este terrible cerrg) the 
earthquake-shocks and subterranean noises inereasel 
more and more; that on the day itself the flat ground 
was seen to rise visibly (se obseryé que el plan do ta 
tierra se levantaba perpendicularmente), and the whole 
more or less swelled up so that blisters (vexigomes) 
appeared, of which the largest is now the voleano (de 
los que el mayor es hoy el cerro del volcan), ‘These 
raised blisters, of very different magnitude, and some of 
thom of tolerably regular conical form, afterwards burst 
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(estas ampollas, gruesas vegigas 6 conos diferentemente 
regulares en sus figuras y tamaiios reventaron despues), 
and emitted boiling-hot mud (tierras hervidas y ca- 
Lientes), as well as scoriaceous rocks (piedras cocidas? y 
fandidas), which are still to be found, covered with black 
mames of stone, to an enormous distance.” 

‘These historic accounta, which could, indeed, be 
wished to have been more full, agree perfectly with all 
that I was able to learn fourteen years after Antonio de 
Risiios ascent. To all my questions whether the 
“mountain castle” had risen gradually higher in the 
course of months or years, or whether it had been seen 
from the earliest days as a high summit, I could obtain 
noanswer. Riniio's statement, that eruptions had con- 
tinwed to occur for the first sixteen or seventeen years, 
er up to 1776, was contradicted as untrue. The ap- 
pearances of small eraptions of mud and water, in the 
first days, simultaneously with the burning scorim, were 
sseribed by the tradition to the drying up of two brooks 
which, rising on the western declivity of the mountain of 
Santa Ines (east therefore of the Cerro de Cuiche), 
watered plentifully the sugar-plantations of the former 
Hisciends de San Pedro de Jorullo, and flowed on far 
to the westward, to the Hacienda de la Presentacion. 
‘There is still shown, near their supposed source, the 
point where their once cold waters are said to have 
dimeppeared in a cleft when the eastern border of the 
‘Malpaiis was elevated. Running beneath the Hornitos, 
they become warmed, and reappear, according to the 
universal belief of the country-people, in two thermal 
springs. As the raised part of the Malpsis is there 
broken off precipitously, they form two little waterfalls, 
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which I have drawn. Esch has retained ita former 
name, Rio de San Pedro and Rio deCuitimba, I found 
the temperature of the steaming waters at this point 
126°9, The waters, during their long course, haye 
become warmed only, but not acidulated. The test- 
papers, which I always carried about with me, were not 
at all altered by them; but farther on, near the 
Hacienda de la Presentacion, towards the Sierra de las 
Canons, there gushes forth a spring impregnated with 
sulphuretted hydrogen, forming a basin twenty feet 
broad. 

In order to obtain a clear idea of the complicated 
form in relief of the space of ground in which such re- 
markable upheavals took place, we must distinguish, 


hypsometrically and morphologically, (1) the situation 
of the volcanic system of Jorullo in relation to the mean 
level of the high plain of Mexico, (2) the convexity of 
the Malpais, which is covered by thousands of hornitos, 
(3) the fissure, upon which six volcanic mountain-masses 
have risen. 


On the western declivity of the Cordillera Cen- 
tral de Mexico, which runs from SSE. to N.N,W., 
the plain of the Playas de Jorullo (only about 2560 
feet above the level of the Pacific) forms one of the 
horizontal mountain-stages, or terraces, which every- 
where in the Cordilleras interrupt the descent, and 
therefore retard more or less the change of temperature 
experienced. When from the central platean of Mexico, 
7000 French feet (7460 English) in mean height, we 
descend to the wheat-fields of Valladolid de Michuaean, 
to the pretty Lake of Patzcunro with its «mall inhabited 
island Janicho, and into the meadows around Santiago 
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Wl which Bonpland and Etound deeked with the 
since then so well-known flowers of the dahlia, we have 
not yet leasened the altitude a thousand feet. But when 
we pass from Ario, on the steep declivity above Agua- 
fro, to the level of the old plain of Jorullo, in that 
Yey short distance we diminish the absolute height 
about 4000 feet.(“") The round convex part of the 
upheaved plain is about 12,800 feet across, The vol- 
ano of Jorullo itself, and the five other mountains which 
tose together with it upon the same fissure, are 50 
plsced that only a small part of the Malpais falls to 
the east of them. The number of hornitos is therefore 
much greater on the western side; and when in the 
early morning I came out of the Indian hut in which I 
had passed the night, in the Playas de Jorullo, or when 
T ascended a part of the Cerro del Mirador, I saw the 
black volcano rise very picturesquely above the count- 
leas columns of white smoke issuing from the hornitos 
(the little ovens or furnaces). Both the houses of the 
playas and the basaltic hill Mirador are on the level of 
the ancient unvolcanic or, to speak more cautiously, 
not upheaved ground. The beautiful vegetation, in 
which a host of salvias bloom under the shadow of a 
new kind of fan palm (Corypha pumos) and a new kind 
of alder (Alnus jorullensis), contrasts with the desert 
nakedness of the Malpais. The comparison of the 
height of the barometer (*) at the point where the 
upheaving in the playas begins, to a point situated 
immediately at the foot of the volcano, gives a differ- 
ence of 473 feet. The house which we inhabited 
atood about 3200 feet from the edge of the Malpais., 
This edge is a small vertical precipice only twelve feet: 
o4 


high, over which the waters of the brouk, which bad be 
come bented (the Rio de Sam Pedro), SL The best ex- 
amination which I was thus enshied to make of the face of 
the precipice showed black borietal beds of mud or clay, 
I had not seen, Burkart observed “at the perpendicular 
edge of the upbesred ground, where it ie diffcult of 
sucent, a light-grey, much-weathered, not dense tamlt 
with many grains of olivine.” (“*) This accurate and 
experienced observer ("), when on the spot, imbibed, 
ss I bad done, the impression of « blistering of the 
surface by elastic vapours, contrary to the opinion of 
celebrated geologists (), who ascribed the convexity, 
found by me by direct measurement, solely to the greater 


mam of the outpoured lava more immediately around 
the foot of the volcano. 


‘The many thousand small cones of eruption (or more 
strictly of « roundish or oblong shape, like a baker's 
oven), which are pretty equably distributed over the 
upheaved surface, are generally about from four to ten 
fect high. Much the greater number are on the weet 
wide of the great volcano; the eastern portion, towards 
the Cerro de Cuiche, being scarcely one twenty-fifth of the 
whole upheaved area of the playas’ The hornitos aré 
compored of weathered balls of basalt, consisting of 
concentric shells, of which I often counted as many a8 
twenty-four or twenty-eight. The balls are rather sphe- 
roids than spheres, generally from sixteen to nineteen 
inches in diameter; but there are also many others vary- 
ing between one foot and three feet. The black basalt is 
pervaded by hot vapours, and has become earthy; but 
‘the nucleus is more dense, while the shells, when sepa- 
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mony of the Indians in the neighbourhood, had takes 
place in the last twenty years, I found the temperatureis 
the cracks of the hornitos generally between 199° sad 
203°; and standing at a distance of fully twenty fee 
from some of the hilla, where not touched ‘by any 
vapours, the temperature of the air was still 108"5.and 
116°2, when the proper temperature of the playns at the 
same hour was barely 77°. The weak sulphuric vapours 
discoloured test-paper, and for some hours after sunrise 
were seen to rise toa height of from 60 to 64 feet, The 
view of the columns of smoke was most striking in the 
cool of the early morning. Towards noon, and even at 
1] Ao. they had sunk so low as only to be visiblewhen 
quite near. In the interior of several of the hornites 
we heard a sound like the fall or rush of water, As 
already remarked, they possessed little solidity, and 
when Burkart visited the Malpais, twenty-four yeant 
after me, he found none sending forth smoke, the 
temperature of most of them was no higher than thab 
of the surrounding air, and in many all regularity of 
shape had been obliterated by the effects of rain, de 
Burkart found near the principal volcano small cones af 
a brownish-red conglomerate composed of very loosely 
connected rounded or angular pieces of lava, ‘There is 
still seen, in the midst of the area covered by the 
hornitos, the remains of a former rising ground, running 
east and west, and drawn on my map, on which the 
farm-buildings of San Pedro had rested; its preservae 
tion at the foot of the great volcano excites astonishment. 
Part of it only is covered with volcanic sand (or bunih 
rapilli), The projecting basaltic rock, overgrown with 
aged trunks of Ficus indica and Psidium, is assuredly, as 
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well as the Cerro del Mirador and the high mountain 
masses whose curve bounds the plain to the east- 
mrd, to be regarded as having existed before the 
aatastrophe. 

T have still to describe the great fissure over which eix 
voleander (not touching each other) have been raised, in 
# direction ronning generally from S.S.W. to N.N.E., 
bit in the three southernmost almost S. to N. The fissure 
(1700 toises in length) is therefore a little curved ; its 
general direction is almost perpendicular to that which 
Thave assigned to the volcanoes of Mexico, taken from 
mato nea, Such differences need not excite surprise, 
inasmuch as the partial relations of a single group, and 
those of the great masses across an entire continent, 
ought not to be confounded. Thus, the long ridge of 
Pichincha has not the same direction as the system of 
the Quito voloanoos; and in non-voleanic chains, ¢. g. in 
the Himalayas, the highest points are often far from 
being situated in the general elevation-line of the chain, 
being instead, on shorter mowy ridges, almost at right 
angles to it. 

Of the six voleanic hills raised over the fissure above 
spoken of, the three southernmost, between which the 
route to the copper mines of Inguaran passes, are in their 
present state tho least interesting. They are no longer 
open, and are entirely covered with greyish-white vol- 
eanic sand, not consisting, however, of pumice, of which, 
or of obsidian, I saw no signs in this district. At Jo- 
rullo, a8 at Vesuvius according to the statements of Von 
Buch and Monticelli, the last and covering fall of ashes 
seems to have been the white one, The fourth mountain 
(going northward) is the great and proper volcano of 


os 
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Jorullo, whose summit, notwithstanding its emal! eleva- 
tion (4265 feet shove the ses, 1150 feet above the 
Malpais at its foot, and 1680 feet above the old sarfate 
of the playas), was not attained without difficulty by 
Bonpland, Carlos Montafar, and myself, Sept. 19th, 
1803. We thought we should be most sure of reaching 
the crater, then still filled with hot sulphurous vapours, 
by climbing the steep side of the great lava-stream 
which had burst forth from the summit itself, Our way 
lay over a curled scoriaceous canliflowerlike lava, which 
gave a clear ringing sound when struck. Paris of it 
have a metallic lustre ; others are like basalt, and are fall 
of fine grains of olivine. When we had thus gained 
the top of the lava by an ascent of 721 feet in vertical 
height, we turned to the very steeply inclined white cone 
of cinders (on which, from its great steepness, the tra- 
yeller is liable to painful hurts from the sharp jagged 
lava). ‘The upper margin of the crater, on the south- 
western part of which we placed our instramenta, forms 
# ring only a few feet in breadth. We afterwards took 
the barometer down into the oval crater of the truncated 
cone, where we found the temperature of the air issuing 
from a cleft 200°7. We were now 150 feet below the 
margin ; and the depth of the deepest part of the hollow, 
which the thick sulphurous vapours forbade our reaching, 
appeared to us to be about as much again. The discovery 
which interested us most was that of several sharply 
defined white fragments of a rock containing felspar, 
three or four inches in size, baked into the black basaltic 
lava, I took them at first for syenite (); but by Gus+ 
tay Rose's accurate examination of a specimen which I 
brought home, they belong rather to the granite forma~ 
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tion, which Burkart also saw crop out under the syenite 
of the Rio de las Balsws, Rose said, “ the enclosure is 
a mixture of quartz and felspar, The dark-green spots 
wppear to be not hornblende, but mica fused with some 
felapar. The white baked-in fragment has been split by 
woleanic heat; and in the crack, white tooth-shaped 
molten threads run from one edge to the other,” 

More to the north than the great volcano of Jorullo, 
and than the scoriaccous lava-summit which it threw 
out in the direction of the old basalt of the Cerro del 
Mortero, follow the two last of the six volcanoes, They 
appear to have been at first very active; for the natives 
still call the extreme one the “voleancito.” A wide 
fissure which has opened to the westward bears in this 
part traces of a destroyed crater. The great vol+ 
cano appears, like Epomeo in Ischia, to have poured 
forth a great stream of Java only once. There is, bis- 
torically, no reason to suppose that it continued to do 
to beyond the immediate cpoch of the great outburst; 
for the letter of Father Joaquin de Ansogoni, written 
twenty days after the first eruption, speaks only of 
the best means to be adopted for the pastoral care of 
the dispersed country-people, who had fled from the 
catastrophe, and for the next thirty years we are 
entirely without documentary evidence, As tradition 
‘speaks very generally of “fires covering so great a 

," we may suppose that all the six hills over the 

t fissure, and all the part of the Malpais on which 
3s appeared, were burning at the same time, 

may in some degree infer the heat which must have 
in the surrounding atmosphere from the tem= 

es still measured by me after the lapse of forty- 





threw pract: we are reminded thereby af the early state of 
war planet, wien under every latitode, and for log pe- 
riowds of time, the temperature of the atmosphere and 
the distribution of orgunic ie were subject to modifi- 
Seenteg hn Ot 
acting through deep Seurex 

Simee my description of the hacniha eid 
Joruilo, many analogecs features in different parts of the 
world hare been compared to them; they, however, still 
appear to me to stand very much alone in respect 'to 
their internal composition If we are to give the name 
ef cunes of eruption to all elevations emitting vapours, 
the bornitos certainly deserve to be called “ fumaroles;” 
but the term “cones of eruption,” applied to them, 
would lead to the erroneous supposition of their showing 
traces of having erupted scorim, or even poured forth 
lava, as many cones of eruption have done. Wholly 
different, for example (to recall a phrnomenon of greater 
magnitude), in Asia Minor, on the former limits be 
tween Mysia and Phrygia, in the ancient “burnt land” 
(Katakekaumene), “where it is dangerous to live on 
account of earthquakes,” are the three orifices which 
Strabo calls “ gives” (bellows), and which have been 
rediscovered by the meritorious traveller William 
Hamilton.() Cones of eruption, such as are seen in 
the island of Lancerote, at Tinguaton, or in Lower 
Italy, or (only 20 feet high) on the declivity of the 
Kamtechatkan volcano Awstscha(™), which was a= 
cended by my friend and Siberian travelling companion, 
Emest Hoffmann, in July 1824, consist of scorias and 
ashes smrrounding a little crater which has emitted 
them, and which has in turn had its margin raised 
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hy them. In the hornitos there is nothing resembling a 
crater; and they consist (which is an important cha- 
racter) of mere basaltic balls of concentric separable 
shells, without any intermission of loose angular scoris. 
At the foot of Vesuvius, at the great eruption of 1794 
(as also at earlier epochs), there were formed, arranged 
over a longitudinal fissure, eight different little craters 
of eruption, “bocche nuove,” the so-called “parasitic” 
eruption-cones, pouring forth lava, which would of it- 
self distinguish them altogether from the Jorullo hor- 
nitos, “Your hornitos,” wrote Leopold von Buch to 
me, “are not cones heaped up by the fall of erupted 
substances; they have been upheaved directly from the 
interior of the earth.” The same great geologist com- 
pares the origin of the volcano of Jorullo itself to that 
of the Monte Nuovo in the Phlegrwan Fields. The 
same view, in respect to the elevation of the six volcanic 
mounts, impressed itself, as the most probable one (see 
above, pp. 292, 293), on Colonel Riaiio and Commissary 
Fiocher in 1789, on myself, at first sight, in 1803, and 
om Oberbergrath Burkart in 1827. In regard to both 
the “new mountains” (Monte Nuovo and Jorullo), 
which arose in 1538 and 1759, the same questions 
presented themselves. Respecting the Italian Mount, 
fuller accounts have been collected nearer to the time 
of the catastrophe, and derived from more qualified 
observers, by Falconi, Pietro Giacomo di Toledo, 
Francesco del Nero, and Porzio. One of these (the 
most learned), the celebrated Porzio, says, “ Magnus 
terres tractus, qui inter radices montis, quem Barbarum 
incolm appellant, et mare juxta Avernum jacet, sese 
erigere videbatur et montis subito nascentis figuram 
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imitari. Iste terre cumulus sperto yeluti ore magnos 
ignes evotnuit, pumiceaque et lapides cinereaque.”(@) 
From the geological description of the volcano of 
Jorullo which I have here completed, we pass to the 
more eastern part of Central Mexican Unmistakable 
lava-currents, of which the mass is chiefly basaltic, have 
been poured forth by the Peak of Orizaba, according to 
the most recent and interesting researches of Pieschel 
(March 1854)() and H. de Sausure. The rock of 
the Peak of Orizaba, like that of the great volcano of 
Tolnea(“*), which I ascended, is composed of hornblende, 
oligoclase, and some obsidian, whereas the fundamental 
mass of Popocatepetl is a Chimborazo rock composed 
of very small crystals of oligoclase and augite. At the 
foot of the eastern declivity of Popocatepetl, west of the 
town la Puebla de los Angeles, I found, on the Llano de 
Tetimpa (where I measured a base for determining 
the heights of the two great nevados which bound the 
valley of Mexico, Popocatepetl and Iztaccihuatl), an 
extensive and in some respects perplexing lava-field 
(or field of rough fragments of lava). It is called the 
Malpnis of Atlachayacatl (the latter being the name 
of a low trachytic dome, on the side of which the Rio 
Atlaco takes its rise); it extends from east to west, 
or almost at right angles to the volcanoes, rising 
abruptly from about 64 to 85 feet above the adjacent 
plain. From the Indian village of San Nicholas de los 
Ranchos to San Buenaventura, I estimated the length of 
the Malpais at above 19,200 feet, and its breadth at 
about 6400 feet. On it blocks of black lava, only 
scantily overgrown here and there with lichen, of 
fantastic wildness of form and position, contrast with 
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the yellowish-white covering of pumice which invests 
all'areund. The pumice consists here of fragments of 
coarse texture, of two or three inches diameter, in 
which there are sometimes crystals of hornblende. 
‘This coarser pumice-sind is different from the very fine- 
grained one which on Popocatepetl itself, near the rock 
of el Frayle and at the limit of perpetual snow, makes 
the ascent so dangerous, because, when set in motion on 
the steep declivity, the rolling mass of sand threatens to 
overwhelm everything. Whether this malpais (the 
‘Spanish term for these fields of lava-ruins, called in 
Sicily sciarra viva, and in Iceland Odanda Hraun) 
belongs to old successively superimposed lateral erup- 
tions from Popocatepetl or to the rounded conical 
moantain Tetljolo (Cerro del Corazon de Piedra), I 
cannot decide. It is a geologically important cir- 
camstance, that further to the cast, on the route to 
the little fortress of Perote (the old Aztec Pinahui- 
zapan), between Ojo de Agus, Venta de Soto, and 
@l Portachnelo, the volcanic formation of coarse-tex- 
tured white frisble pearlstone (“") rises by the side of 
8 probably tertinry limestone (marmol de la Puebla). 
This pearlstone is very similar to that of the conical 
bill of Zinapecuaro (between Mexico and Valladolid), 
and contains, besides laminew of mica and lumps of 
imbedded obsidian, glassy bluish-grey, sometimes red- 
Gish, stripes resembling jasper. The extensive “ pearl- 
stone district” is here covered with fine-grained sand 
consisting of weathered pearlstone, which at first sight 


Withstanding their affinity in respect of origin, may 
easily be distinguished from the greyish-white pumice 
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sand. The latter belongs more to the immediate vidally 
around Perote,—to the plateau, more than 7000 fet 
high, which lies between the two volcanic chains, ni 
ning north and south, of Popocatepetl and Orizaba 
When, in proceeding from Mexico to Vera Crum, et 
begins to descend from the heights of the non-quat 
ose trachytic porphyry of Vigas towards Canons tl 
Jalapa, one twice passes over fields of fmgmenty 
scoriacvous lava,—the first time between the station 
Parnge de Carros and Canoas or Tochtlacuaya, the sesial 
time between Canoas and the station of Casas dela Hop. 
‘The first is called Loma de Tablas, on account of the 
many upright basaltic slabs of oliviniferous lava, and the 
second simply the Malpais. A small ridge of the mat 
chytic porphyry full of glassy felspar, which (pair 
Ja Cruz Blanca and Rio Frio) forms the eastern bonnilaty 
of the Arenal (pearlstone sand-fields), divides tht 
Loma de Tablas from the much more extensite 
Those among the country-people who av 
inted with the district, affirm that the Huet 
of scorise are prolonged towards the S\S.W., therefire 
towards the Cofre de Perote. Having myself ascebilel 
the Cofre and made many measurements on it(*), 1 
have been little disposed to infer, from what is indeed & 
very probable prolongution of this stream of lava 
(marked as such in my “Profiles,” tab. 9 and 11, 
well in the “Nivellement barométrique™), that it tad 
actually flowed from that singularly shaped mountalt. 
The Cofre de Perote, which is indeed nearly 1400 feet 
higher than the Peak of Teneriffe, but which yet is co 
inconsiderable mountain compared to its colossal nk 
bours Popocatepetl and Orizaba, forms, like Pichineb’, 
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a long rocky ridge, on the southern extremity of which 
stands the cubical rock (Is Pefia) whose shape has 
given occasion to the ancient Aztec name Naubeampa- 
tepetL I found, on my ascent of the mountain, no 
trace of a fallen in crater, or of lateral eruption-open- 
ings; nor did I find any masses of scorim, or any 
obsidian, pearlstone, or pumice belonging to it, The 
Uaeckiah-grey rock is very aniform, composed of much 
hornblende and a kind of felspar which is not glassy 
felepar (mnidine), but oligociase, which would stamp 
the whole of the rock which is not porous, as a dioritic 
teachyte. I describe the impresions which I imbibed. 
If the substances which cover this black desolate 
Malpais, on which I have dwelt purposely as opposing 
too partial views of volcanic manifestations of force 
from the interior, have not flowed from a lateral open- 
ing in the Cofre de Perote itself, yet the upheaval of 
that isolated mountain, 13.550 feet high, may have 
tecasioned the origination of the Loma de Tablas, At 
mach an upheaval, longitudinal fissures and a ramifying 
Gerared network may have been opened for a con- 
fiderable distance around by the “folding” of the 
surface; and from these fissures molten substances may 
have flowed directly, either as dense masses or as 
seoriaceous lavas, without the intervention or formation 
of the framework of open cones, or of elevation-craters: 
We know that we may look in vain, in the great moun- 
tains of basalt and porphyritic schist, for either central 
points (crater mountains) or lower ridge-encircled 
hollows, to which their common origin might be ascribed. 
Science gains by the most careful distinction between 
whatever is genetically different in phenomens,— _ 
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in the volcanoes of Quito. His “ Journal d'un Voyage 
em Ttalie* read at the meeting of the 20th of April 
1757, was first published in 1762, in the Memoirs of the 
Paris Academy, and is of some importance in the his- 
tory of the recognition of extinct volcanoes in France, 
because in it La Condamine, without being aware of the 
certainly earlier statements of Guettard (“), expressed 
himself with great distinctness and sagacity as to the 
existence of ancient crater-lakes and extinct voleanoes 
im Middle and Northern Italy, and in the south of 
France. 

‘The striking contrast between the thus early recog- 
ised existence of narrow undoubted streams of lava in 
Auvergne, and the often too positively and unreservedly 
asserted absence of any flow of lava in the Cordilleras, 
engaged my earnest attention during the whole of my 
expedition. My journals written at the time are con- 
atantly filled with considerations on this problem, 
of which I long sought the solution in the absolute 
altitude of the summit, and in the height of the escarp- 
ment surrounding the deep depression on cones rising 
from mountain plateaus 8000 or 9000 feet above the 
sea But we now know that Macas (Sangay), a scorim- 
emitting Quito voleano 17,000 feet high, is more unin- 
terruptedly active than the lowly Izalco and Stromboli ; 
and we also know that Antisana and Sangay on the east 
have free and open declivities towards the plains of 
the Napo and the Pastaza, as have Pichincha, Iliniza 
and Chimborazo on the west, towards the water-sheds of 
the Pacific. In many instances the upper portion rises 
‘without any surrounding escarpment, more than 8000 or 
9000 feet above the high plateau. Moreover, all these 








remains of a former watery covering. At the limit of 
perpetual snow, the Rio Tinajillas takes its rise, which 
afterwards, under the name of the Rio de Quixos, 
becomes an affluent of the Maspa, the Napo and the 
Amazons. Two narrow wall-like elevations, which in 
my topographical sketch of Antisana I have marked as 
* euulées de lave,” and which the natives call Volcan de 
1s Hacienda and Yana Volcan (Yana, in the Quech-hus 
language, signifies black or brown), run like bonds from 
‘the foot of the voleano to the mow-line on the south- 
western and northern declivities, and extend, as it 
appears to me, with very moderate angles of inclination 
in a N.E. and §.W. direction about 13,000 feet over the 
plain. With a very small breadth, they are about 192 to 
213 feet above the ground of the Llanos de la Hacienda 
de Santa Lucia, and del Cuvillan. Their declivities are 
everywhere very abrupt and steep, even at the extremi- 
ties, They consist, in their present state, of sealy and, for 
the most part, sharply angular fragments of a black ba~ 
maltic rock, without olivine and hornblende, but contain- 
ing a few mnall crystals of white felspar. The mass has 
often 4 pitchlike lustre, and contains interspersed obsi- 
dian, which may be still more distinctly recognised, and 
in great abundance, at Cueva de Antisans, of which we 
found the height 15,942 feet. It is not, properly 
speaking, = cave, but only a sort of shelter formed by 
munsses of rock which have fallen against each other, 
which is resorted to by the herdsmen who ascend 
the mountain, and in which we took refuge during o 
violent hailstorm, It is a little to the north of the 
Volcan de la Hacienda. In the two narrow rocky ridges, 
which have the appearance of cooled lava-streams, the 
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slabs and blocks are partly scoriaceous, and even puffed 
up like foam at their edges, and partly weathered and 
mixed with earthy detritus, 

Analogous, but more complex, phenomena are pre- 
sented by another, also band-like, assemblage of rocks 
On the eastern declivity of Antisana, nearly 1300 feet 
lower in vertical height than the plain of the Hacienda, 
in the direction of Pinantura and Pintac, there are two 
atnall circular lakes, of which the northernmost is called 
Ansango, and the southernmost, Lecheyacu. The first 
has in it an island rock, and (which is very decisive) is 
surrounded by rolled pumice. Each of these lakes 
marks the commencement of a valley; the two valleys 
unite, and their broader prolongation bears the name of 
the Volcan de Ansango; from the margins of the two 
lakes there proceed narrow lines of rocky fragments 
quite similar to those above described, which do not fill 
up the valleys, but rise in their middle, as dikes of 200 
and 250 French feet (213 and 266 English) A glance 
at the topographical plan in the “ Atlas géographique et 
physique” of my American journey (pl. 26) will render 
these relations clearer. The blocks, here also, are partly 
sharp-comered, and partly scoriaceous at the edges, anil 
even have a burt appearance, The mass is black, and 
resembles basalt with scantily interspersed glassy felspar; 
some fragments are a blackish brown, and have a faint 
pitchy lustre. There is, however, an entire absenco 
of the olivine which is so abundant on the Rio Pisque, 
and at Guallabamba, where I saw basaltic columns 72 
feet high, and fully 3 feet in diameter, containing both 
olivine and hornblende interspersed. In the Ansango 
dike many slabs, split into that form by weathering, 
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indicate porphyritic schist. All the blocks have a 
yellowish grey crust from weathering, As the line of 
rocky fragments (the Spanish-speaking natives call it 
los derrumbamientos, la reventazon) extends from the 
Rio del Molino, not far from the hacienda of Pintac, up 
to the small pumice-surrounded crater lakes, the impres- 
sion which naturally presented itself waa, that the hol- 
lows now filled with water are the orifices through which 
those fragments came to the surface. A few years before 
ty arrival in the country, without any preceding sensible 
agitation of the ground, the rocky fragments were in a 
state of motion down the declivity for weeks, and some 
houses at Pintac were overthrown by their impetus and 
pressure. They are still without any trace of vegetation ; 
which is beginning to appear, though sparingly, on the 
doubtless older and more weathered blocks on the high 
plain of Antisans. 

What name ought we to give to the particular mani- 
festation of voleanic activity, whose effects I have been 
describing ?(“") Have we here to do with lava-streams? 
é only with semiscorified and glowing masses, jected 
disconnectedly but in close succession, as has been seen 
fo take plsce in very recent times on Cotopaxi? May 
ft @ven be possible that the dykes of stones of Yana 
Volcan and Ansango may have been fragmentary masses, 
which, being loosely heaped up, and therefore imper- 
fectly supported, in the interior of the volcano, may 
have been displaced by earthquakes, and then by their 
All and #hock have occasioned small local agitations, 
and thus have been ejected without any renewal of 
higher temperature i in the volcano? Or are none of 
the three very different manifestations of volcanic ac- 

‘VOL, Iv, r 
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Chimborazo (first published in 1837 in Schumacher's 
Astronomisches Jahrbuch), I had expressed this con- 
jecture, when speaking of the remarkable pieces of 
ingitie porphyry which, on the 23rd June 1802, I col- 
Keted im loose fragments of twelve or fifteen inches 
dimeter at a height of 19,000 fect, on the narrow 
twky ridge leading to the summit. They were porous, 
and of a reddish colour, minutely cellular, and the cells 
thining. Some had a blackish tinge, and in some 
tet were of very light weight, like pumice, and looked 
tif freshly altered by fire. They have not, however, 
flowed lava-like in currents, but have probably been 
txpelled from fissures on the declivity of the pre- 
Yiowly wpheaved mountain dome. This explanation 
of their origin would find great support in the view 
ftertained by Boussingault, who considered the vol- 
tine cone itself to be “a heap of angular fragments 
of trachyte, upheaved in a solid state, and piled upon 
fach other withont any definite arrangement. As a 
heap of broken fragments of rock occupy more space 
en would the same quantity of material before being 
moctured, there remain large intervening hollow spaces 
which, by mutual pressure and shock (apart from the 

fect of the force of volcanic vapours), movement 
es.” I am far from doubting the occurrence of 

: and of such hollows, which in the 
sido became filled with water, although the fine, 
Mar, and generally quite vertical, columns of tra- 
of the Pico de los Ladrillos and Tablabuma on 
Pichincha, and, most of all, those above the little 
of Yana Cocha, on Chimborazo, appear to me to 
been formed on the spot. My long and dearly 


re 
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valued friend Boussingault, whose chemico-geological 
and meteorological views I always delight in sharing iti, 
regards what is called the Volcano of Ansango, and 
which I now look upon rather as an eruption of frag- 
ments from two small lateral craters (on the west side 
of Antisana, not far from Chussulongo), as an elevation 
or upheaval of blocks(“®) over long fissures. Having 
examined this region, with much sagacity, thirty year 
after me, he lays much stress on the analogy which the 
geological relations of the eruption of Ansango to Anti- 
sana appeared to him to present with those of Yans 
Ureu (of which I had made a special topographical 
plan) to Chimborazo. I was myself less inclined ts 
believe in an elevation over fissures situated imme 
diately below the whole linear extent of the Ansango 
series of fragments, because, as I have said, they can 
be traced up to two orifices now filled with water 
Unfragmentary wall-like elevations of great length and 
uniform direction are not unknown to me, having sees 
and described such in Chinese Tartary, consisting of 
horizontal banks of granite, (+) 

Antisana had a fiery eruption (“) in 1590, ani 
another in the beginning of the last century, probably 
in 1728, Near the summit, on the N.NVE. side, there 
is remarked a black mass of rock on which even froah 
fallen snow does not remain. For several days in the 
spring of 1801, at a time when the summit was on all 
sides perfectly free from clouds, a column of black 
smoke was seen to ascend from this point, On the 
18th of March 1802, Bonpland, Carlos Montufar, and 
I, arrived on a rocky ridge covered with pumice and 
black basaltic scoriw, in the region of perpetual snow, at 
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s height of 18,141 feet, therefore 2358 feet higber than 
Mont Blane The mow near the rock was, at several 
places, solid enough to bear our weight, a circumstance 
which is very rare within the tropics. (The temperature 
of the air was from 28°8 to 34°5.) On the southern 


feet long and two feet thick, are found: there are no 
sulphur springs in the neighbourhood. 
Although in the eastern Cordillera, Antimna, and 


mountain knot of the Altos of 

small dimensions of this dividing 

striking the circumstance, that the 

waters of the northern side of Chisinche flow through 
Rios de San Pedro, de Pita, and de Guallabamba, 
into the Pacific, while the waters of the southern side 
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scoriz, molten only st their edges,—sometimes angular 
and sometimes roundish, of six or eight feet diameter, 
rarely scaly, like those on Antisana,—have all been 
thrown up to great heights from the summit-crater, and, 
falling down on the declivity, have had their move- 
ment accelerated by the rush of melted enow water; 
or whether, without having been thrown up into the 
air, they have been expelled from lateral fissures of the 
volcano, as the word reventazon would indicate, remains 
uncertain. Returning soon from Suniguaicu and the 
Quebrada del Mestizo we examined the long and broad 
ridge, which, stretching from N.W. to S.E., connects 
Cotopaxi with the Nevado de Quelendaiin. Here the 
blocks arranged in line are wanting, and the whole 
appears = dyke-like elevation, on which the small conical 
Mount el Morro rises, and nearer to Quelendaiia (which 
has the shape of a horse-shoe,) there are several marshes 
nd two small Iskes, the Lagunas de Yanricochs and de 
Verdecocha. The rock of el Morro and of the whole 
linear volcanic elevation was greenish-grey porphyritic 
schist, in beds or strata cight inches thick, dipping 
very regularly towards the east at an angle of 60°. 
Of proper currents of lava, there was nowhere any 
trace. (*) 

‘There is an analogy between what takes place in the 
Idand of Lipari, rich in pumice, where on the north of 
(Caneto a lava-stream of pumice and obsidian descends 
from the well-preserved extinct crater of the Monte di 
Campo Bianco towards the sea, in which it is remarka- 
De that the fibres of the pumice are parallel to the di- 
tection of the stream (“*), and the local relations, which 
were carefully examined by me, of the extensive pumice- 


re 
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snd only 16 from the latter. They are reached bya 
gallery. The workmen assured me, that square blocks 
af 20 oF 21 feet could be obtained entire and without 
‘rom cracks, from the horizontal solid beds, of which a 
few are surrounded by maddy pumice detritu, The 
Putnicestone, partly white and partly bluish grey, is of 
very fine texture, and has long fibres of a silky lustre. 
‘The parallel fibres have sometimes a knotted appearance, 
‘tid they then show a curious structure. The knots 
are formed by roundish morsels of finely porous pumice, 
aboot s tenth of an inch thick, round which the long 
fibres curre 50 as to enclose them. Brownish black 
mica, in six-aided small tablets, white oligoclase crystals, 
snd black hornblende, are scantily interspersed ; but no 
glassy felspar, which elsewhere, as at Camaldoli, near 
‘Naples, is found in pumice-stone. The pumice-stone of 
Cotopaxi differs from that of the Zumbalica quarries 
(%): its fibres are short, not parallel, but confusedly 
bent. Magnesis-mica is not, however, peculiar to the 
pumice-stones, it is also found in the trachyte of 
Cotopaxi. (“*) The volcano of Tungurahua appears to 
be entirely wanting in pumice, There is no trace of 
obsidian in the quarries of Zumbalica, but in the blocks 
thrown out by Cotopaxi, and lying near Mulalo, I hare 
fwand, in very large masses, black obsidian, having a 
coneboidal fracture embedded in bluish grey weathered 
peatictone. Specimens are preserved in the Royal 
‘Mineralogical Collection st Berlin. It would appear, 
therefore, that the quarries of pumice-stone 16 miles from 
the foot of Cotopaxi, which have been described above, 
‘Ste tot at all related to that mountain in mineralogical 
‘metitution, and only stand towards it in the same 
es 
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connection, which all the volcanoes of Pasto and Quite 
bear to the volcanic hearth of the equatorial Cordillerss, 
embracing an area of very many hundred square miles 
Were these pumice-stones the centre and interior of & 
special crater of elevation, whose outer encircling ridge 
has been destroyed in the many revolutions which the 
earth's surface has undergone in these regions ? or were 
they deposited horizontally, in spparent tranquillity, over 
fissures at the time of the first crumpling or folding 
the earth’s crust? For still greater difficulties attach 
to the supposition of their having been deposited a 
sediment from flows of water, as is often seen in ‘yoleaile 
masses of tufa, mixed with remains of plants sol 
shells. 

Similar questions are suggested by the great maser 
of pumice, at a distance from any volcanic wen 
tion, which I found in the Cordillera of Pasto, betwies 
Mamendoy and the Cerro del Pulpito, near the Riv 
Mayo, 36 geographical miles north of the active tel 
cano of Pasto, Leopold von Buch has also called at- 
tention to a similarly isolated outbreak of pumice, 
described by Meyen, in Chili, east of Valparaiso, new 
the village of Tollo, where it forms a hill about 300 feet 
high. The volcano of Maypo, which in its upheaval 
lifted up jurassic strata, is two entire days’ journeys from 
this outbreak of pumice. (“) The Prussian Envoys 
Washington, Friedrich von Gerolt, to whom we one 
the first coloured geological map of Mexico, mention 
pumice-stone being obtained from beneath the surfic 
of the ground for building purposes, near Huichapa, 32 
geographical miles south-east of Queretaro, at a distance 
from any volcano. (#") The geological investigator of 
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the Cancasus, Abich, is inclined, from his own observa- 
tions, to regard the great eruption of pumice near the 
¥illage of Tschegem, on the northern side of the central 
ehain of Elbouruz, as an effect of action from fissures 
much more ancient than the elevation of that conical 
mountain, from which it is at a considerable distance. 
If, according to the view which we have taken of vol- 
canic activity, we regard the diminution of the earth's ori- 
ginal temperature, by the radiation of its heat into space, 
as the original cause, and the cooling and contraction 
of the ovter strata as the immediate effect, producing 
fractures and foldings in the outer strata, in which 
foldings some portions will be raised, and some portions 
depressed (“"), it will follow that the number of re- 
cognisable voleanie frame-works (open cones and dome- 
shaped elevations), upheaved over fissures, should be 
regarded as the measure and evidence of the degree of 
this activity in different regions, Such computations 
have often been made in a very imperfect and unsatis- 
factory manner, and sometimes mounts of eruption and 
solfstaras belonging to one and the same system, have 
been enumerated ss distinct volcanoes, The large 
spaces in the interior of continents, which have hitherto 
remained closed to all scientific examination, have not 
been such grest obstacles in the way of these inquiries 
‘a may have been commonly supposed; as, generally 
speaking, volcanoes are most often met with in islands, 
and in regions near the coast. In a numerical inquiry, 
which the state of our knowledge will not permit us to 
render complete, much may still be gained by our 
being able to assign an inferior limit, and to state, with 
probably considerable approximation, the number of 
6 
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tities, We may cite as such the influence of enormous 
premure on the fusibility, the very different heat-con- 
ducting power of different rocks, the remarkable dimi- 
nution of the conducting power with great increase of 
temperature treated of by Forbes, the unequal depth of 
the bediof the ocean, and all the local accidents in the 
connection and character of the fissures which lead down 
to the fluid interior! Ifthe greater frequency of vol- 
canoes and the more frequent and active intercourse 
between the interior and the atmosphere in some regions 
of the earth, isto be explained by the greater proximity 
of the upper limit of the fluid interior to the surface, 
this proximity may itself depend either on the relative 
mean difference between the heights of the bed of the 
sea and the continent, or ou the unequal vertical depth 
siwhich in different latitudes and longitudes the surface 
of the molten fluid mass is situated. But where doca 
such a surface commence? are there not intermediate 
degrees between perfect rigidity and perfect fluidity? 
‘Transitional states, which have often come into discussion 
in controversies respecting the plasticity of eome plu- 
tonic and yolcanic rocks which have been raised to the 
surface, and respecting the movements of glaciers? Such 
intermediate states escape from mathematical considera- 
tion us much os does the state of the so-called fluid 
interior under an enormous pressure. If it be in itself 
not altogether probable that heat should everywhere 
continue to increase in arithmetical progression with 
inereasing depth, so also there may occur local inter- 
Wening disturbing causes, ¢ g. by subterranean basins, 
ot hollows, in the solid mass, which may be from time 
to time partially filled from below, with fluid lava and 
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vapours resting upon it, (“*) Such hollows were s 
ready made to play a part in the theory of decremisg 
central heat by the immortal author of the “ Protogey 
“ Postremd credibile est contrahentem se refrigerntion 
id est, sub vastis fornicibus cavitates.” (6) "The met 
improbable it is that the thickness of the already si 
dified crust of the earth should be the same in all regions 
the more important is the consideration of the number 
and geographical position of the voleanoes which are 
have been open within historic times, Sacha view # 
the geography of volcanoes can only be perfected ly 
often renewed attempts. 


1. Europe, 


Etna, Ischia, 

Voleano in the Li- Vesuvius, 
“paris, Santorin, 

Stromboli, Lemnos, 


All belong to the great basin of the Mediterrases 
Sea, but to its European, not its African ahores: all thes 
seven voleanoes are or have been active within historit 
times; the burning mountain Mosychlos in the island ¢ 
Lemnos, which Homer terms the darling seat of He 
pheestos, was only destroyed and sunk beneath the wart 
of the sea, together with the island of Chryse, by the 
action of earthquake shocks, subsequently to the periol 
of the great Macedonian. (See Kosmos, Bd. i 8. 266 
and 456, Anm. 9; Engl. ed. p. 230 and note 230; 
Ukert, Geogr. der Griechen und Rémer, Th. ii, Abth. i 
8.198.) The great and, for almost 1900 years (from 
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186 no, to 1712), often repeated upheaving of the three 
vente in the middle of the Gulf of Santorin (partly 
wickeed by Thera, Therasia, and Aspronisi), has borne 
Striking similarity to the comparatively amall phwno- 
‘these of the temporary formation of the islands called 
Gnilam, Julia, and Ferdinandea, between Sciacca and 
Pabtellaria, On the peninsula of Methana, as has been 
often remarked (Kosmos, Bd. i. 8. 453, Bd. iv. Anm. 
$6 (0S. 273; Engl. ed. vol. i. note 230, and vol. iv, note 
310), there are visible traces of voleanic eruptions in the 
tedilish brown trachyte which rises up out of the calea 
fous rock at Kaimenochari and Kaimeno (Curtius, 
Pelop. Bd. if. 8, 439.) 
of i with fresh traces of out- 
pourings of lava from craters, we have— proceeding from 
north to south— the voleances of the Eifel (Mosenberg, 
Geroldstein), as the most northern; the great crater of 
elevation, in which Schemnitz is situated; Auvergne 
(Chaine des Puys, or Mont Démes, Je Cone du Cantal, 
les Monts Dore); Vivarais, in which the ancient lavas 
have ‘broken forth out of gneiss (Coupe d’Aysac and the 
Gone of Montpezat); Velay, eruptions of scoris without 
any lavas; the Euganean Hills; the Alban Hills, Rocca 
‘Monfina and Vulturo, near Teano and Melfi; the ex- 
‘titict voleanoes near Olot and Castell Follitt in Catalonia 
(®); the group of islands called Ins Columbrotes, near 
the coast of Valencia (the larger crescent-shaped island, 
Golubraria of the Romans, has on it Montoolibre, in 
89° 54’ 'N. Int. according to Admiral Smyth, full of ob- 
sddian and cellular trachyte); the Greek island Nisyros, 
‘ane of the Carpathian Sporades, quite circular in form, 
“having in its centre, at a height of 2270 feet according 


li 


= 
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to Ross, a deep caldera, having an encircling ridge with 
a strongly detonating solfatara, from which lave radiated 
streams of lava flowing into the sea, and now forming 
small promontories; this island furnished voleanio mill- 
stones in the time of Strabo, (Ross, Reisen auf den Griteh, 
Inseln, Bd. ii. S. 69 and 72-78.) For the British Talinis 
I may here refer, on account of their antiquity, to the 
remarkable effects of sabmarine yoleanoes on the Lower 
Silurian strata (Llandilo flags), inasmuch as volcanic 
cellular fragments are imbedded in these strata; axd, 
according to Sir Roderick Murchison’s important oteer- 
vation, eruptive masses of trap even penetrate into the 
Lower Silurian strata in the Corndon Hills (Shrop- 
shire and Montgomeryehire) ("*); the dyke phenomens 


of the island of Arran; and other places where there # 
evidence of the introgression of voleanic activity, but m0 
traces of actual volcanoes have been found. 


2. Islands in the Atlantic, 


Volcano Esk on the island of Jan Mayen, ascended 
by the meritorious Scoresby, and named by hiny after 
his ship; height rather less than 1600 feet. An ope 
but not burning summit crater; basalt, rich in pyroxede 
and trass, 

South-west of the Esk volcano, near the north eipe 
of Egg Island, another volcano, which, in April 1818, 
ejected ashes to a considerable height, at intervals of 
four months, 

Beerenberg, 6872 feet high, in the broad north-eastern 
part of Jan Mayen, (71° 4’ N, lat.) is not known to bes 
yoleano. (“) 
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» Voleanoes of Iceland: Oeriifa, Hecla, Rauda-Kamba, 
ken 

Volcano in the Island of Pico (9), one of the 
Azores; great eruption of lava from 1st of May to Sth 
of June 1800. 

Peak of Teneriffe. 

Voleano of Fogo ('), one of the Cape de Verde 
Talands. 

Prekistorie voleanic activity.—This kind of volcanic 
activity is less definitely connected with particular 
centres in Iceland than in other places, If, with Sar 
torius von Waltershausen, we divide the volcanoes of 
Teeland into two classes, one of such as have had only a 
single eruption, and the other of such as have repeatedly 
poured forth streams of lava from the same principal 
fissure, then the first class will include Rauda-Kamba, 
Skapta, Ellidavatan, south-east. of Reykiavik, &c.; 
while to the second class, which shows a more perma~ 
nent individuality, belong the two highest voleanoes of 
Iceland, Oeriifa (fully 6,400 feet high), and Snaefiall, 
Hecla, &c. Snacfiall has not been in eruption within 
the memory of man; while Oeriifa is known for its 
dreadful eruptions in 1362 and 1727. (Sart. yon 
Waltershausen, Phys. geogr, Skizze von Island S, 108 
and 112.) In Madeira (**), the two highest moun- 
taina: the conical Pico Ruivo, 6059 feet high, and 
Pico de Torres, which is only a little lower, and which 
have their steep declivities covered with scoriaceous 
Invas, cannot be regarded as the central points of the 
former voleanic activity of the entire island, as at many 
other points, and, especially towards the coasts, orifices 
of eruption have been found, and even a large crater, 
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2 amgcler Sagmencs ,) im which there 
are syemites ari granites; thewe fragments remind w 
A the lavas of Joralian To the west of the Green 
Meintain there is a large open crater. Volcanic bombs, 
partially boilow, sometimes of 10 or 11 inches diameter, 
lie scattered about in great numbers, as do also large 
mavsva ff cleidian. St. Helena: the whole island is vol- 
canic; in the interior, there are more feldspathic beds of 
lava; towards the sea-shore, baltic rock, traversed by 
ermntless dikes, aa in the Flagstaff Hill Between 
Diana's Peak and Nest Lodge, in the central mountain 
range, there is “ the mere wreck of a great crater” (“), 
full of scorie and cellular lava. The beds of lava are 
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not definitely circumscribed, and cannot, therefore, be 
traced as proper lava-currents of small breadth. Tris 
tan da Cenha (37° 3’ S. lat, 11° 27’ W. long.), disco- 
vered) by the Portuguese in 1506, a small circular 
island of 6 miles diameter, having for its centre a 
conical mountain, which Capt. Denbam describes as 
being about 8,300 feet high, composed of voleanie rock. 
(Petermann’s Geogr. Mittheilungen, 1855, No. IL. S 
84.) South-cast of Tristan da Cunha, in 53° 8. lat, is 
the also volcanic Thompson's Island; and intermediate 
Letween them, in the same line, is Gough Island, also 
ealled Diego Alvarez. Deception Island, a narrow, 
ring-island, with s small opening (62° 55’ S. lat.); and 
Bridgman Island, b longing to the South Shetland 
group, are both volcanic; and amidst beds of ice, pumice, 
Disek ashes, and obsidian, perpetually send forth hot 
yspours. (Kendal in the Journal of the Geogr. Soc, 
vol & 1831, p. 62.) In February 1842, flames were 
seen to issue at once from thirteen points of the Ring 
of Deception Island. (Dana in U.S. Explor. Exped. vol. 
x p. 548.) It is remarkable that while so many other 
islands in the Atlantic are volcanic, neither the small 
and quite fiat Island of St. Paul (Peiiedo de S. Pedro), 
oue degree north of the equator (a very slightly lami- 
Dated greenstone-schist, passing into serpentine) (*), 
nor the Falklands (with their quartzose clay-slates), nor 
South Georgia, nor Sandwich Land, appear to present 
any voleanic rocks. On the other hand, a region of the 
Atlantic about 0° 20’ south of the equator, and 19° 40° 
‘west long. from Greenwich, is considered to be the seat 
ofa submarine volcano (7). Krusenstern saw columns 
of black emoke rise from the sea in this neighbourhood, 
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(19th of May 1806), and the Asiatic Society in Caleutta, 
in 1836, had laid before them ashes collected on two 
different occasions at the same spot. According to very 
careful inquiries by Daussy, it appears that on five 
occasions, from 1747 to Krusenstern’s voyage of cireum~- 
navigation,—and on seven occasions, from 1806 to 1836, 
—navigators within this volcanic region (as it is called in 
the recent fine American chart of Lieut, Samuel Lee, 
Track of the Surveying Brig Dolphin, 1854) have 
remarked strange heavings of the sea, and shocks to 
their vessels, which have been attributed to agitation of 
the bottom of the sea by earthquake movements. Yet 
very recently (Jan. 1852), in the Expedition of the 
Brig Dolphin, which was instructed to take soundings 
between the equator and 7 S. lat. and between 16 ‘and 
25 W. long., with reference to “ Krusenstern's volcano!” 
nothing remarkable was perceived, as had also been the 
case in Wilkes’s Exploring Expedition. 


3. Africa. 


The volcano Mongo-ma Leba in the Cameroon moun- 
tains (N. lat. 4° 12’) west of the mouth of the river of 
the same name, in the Bight of Biafra, east of the 
Delta of the Quorra or Niger, according to Cuptain 
Allen, emitted a stream of lava in 1838, The line of 
direction of four lofty volcanic islands, Annabonn, 
St. Thomas, Prince's Island, and Fernando Po, over® 
S\S.W. N.N.E, fissure, points to the Cameroon mountais 
which, according to Captain Owen and Lieutenant 
Boteler, reaches the great height of about 13,000 
feet. (47) : 
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A-volcano? is believed to be a little to the west of 
the now-covered mountain Keenia, in Eastern Africa, 
im about 1° 20’ S. Istitude, found in 1849, by the 
missionary Krapf, near the sources of the Dana River, 
about 320 geographical miles north-west of the sea- 
coast near Mombax In a parallel nearly 2° more 
southerly there is another nowy mountain, Kilimand- 
jaro, discovered in 1847 by the missionary Rebmann, 
searcely 200 miles from the same coast. Rather more 
to the west there is a third mowy mountain, Doengo 
Engai, which was seen by Captain Short. The know- 
ledge of the existence of these mountains has resulted 
from: courageous and perilous undertakings. 

Proofs of prehistoric volcanic activity in the interior 
of this great continent, but which has been so little 
explored between the parallels of 7° N. and 12° 8 
latitude, (those of Adamowa and the water dividing Lu- 
balo mountains,) are presented (according to Rippell) 
by the country round Lake Tzana, in the kingdom of 
Gondar, as well as by the basaltic lavas, trachytes, 
and obsidians of Shoa, according to Rochet d'Héricourt ; 
the specimens brought home by the last-named traveller 
have been examined by Dafrenoy, and found very 
analogous to those of the Cantal and Mont Dore, 
(Comptes Rendos, t. xxii. p. 806—810.) If the conical 
mountain Koldghi in Kordofan has not shown itself to 
be still active, yet the existence of black, porous, 
vitrified rocks there has been confirmed. (*°) 

In Adamowa, south of the great Binue river, rise the 
isolate] =mountain-masses of Bagele and Alantika, 
which Dr. Barth, in his journey from Kuka to Jola, 
judged by their cone and dome-shaped form to be 








‘ON ITS EXTERION. VOLCANOES, 335 


historical period, from the year 89 .p, to the beginning 
of the seventh century. 

Voleano Ho-techen, also sometimes called, in the 
very circumstantial Chinese descriptive geography, 
voleano of Turfan: 120 geographical miles from the 
great Solfatara of Urumtsi, near the east end of the 
Thian-schan towards Hami, where much very fine fruit 
is produced. 

The volcano of Demavend, which rises to » height of 
more than 19000 feet, is about thirty miles from thesouth 
shore of the Caspian, in the province of Mazenderan; 
almost equidistant from Rescht and Asterabad, on the 
chain of the Hindu-Kho, which falls away rapidly 
towards Herat and Meschid on the west. In another 
work (Asie centrale, t. i. p. 124—129, t. iii. p. 433435) 
I have shown that it is probable that the Hindu-Kho, 
from Chitral and Cafiristan, is a westerly continuation 
of the great chain of the Kuen-lun which bounds Thibet 
om the north, and at Tsunling crosses the Bolor 
mountains which run north and south. Demavend 
belongs to the Persian or Caspian Elburz or Elbourz; 
employing that term as the name of a mountain- 
sytem; not to be confounded with the Caucasian 
mountain summit, having a name of similar sound, 
‘situated 7}° more to the north, and 10° more to the 
west (now called Elburuz.) The word Elbourz is a 
disigurement of Albordj, the world-mountain, which is 
connected with the very ancient cosmogony of the 


I have sid that in taking a general view of the 
direction of the mountain systems of Central Asia, we 
may regard the yolcano of Demavend, as being nearly 
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itself, 124 degrees north of the straits of Bab-el-Mandeb, 
has been found by Burckhardt in Samhudy’s chronicle 
of that celebrated town. It corresponds to the 
2nd of November 1276. But we also learn from 
Abulmahasen that an igneous eruption had taken place 
there in 1254, or twenty-two years earlier. (Compare 
Kosmos, Bd. i. S. 256, Eng. p. 234.) The island volcano, 
Djebel Tair, which was already recognised by Vincent 
as the “extinct once-burning island” of the Periplus 
Maris Erythrai, is still active and sends forth smoke, 
according to Botta, and according to information 
collected by Ehrenberg and Russegger (Reisen in 
Europa, Asien und Afrika, Bd. ii. Th. i. 1843, S 54). 
Respecting the whole region round Bab-el-Mandeb, 
with the basnltic island of Perim; the crater-like 
encireling ridge within which the town of Aden is 
situated ; the island of Seerah with streams of obsidian 
which are covered with pumice; and respecting the 
groups of islands of Zobayr and Farsan (the volcanic 
character of the latter was discovered by Ehrenberg in 
1825), see the fine investigutions of Ritter in his 
Erdkunde von Asien, Bd. viii. Abth. 1. S. 664—707, 
889—891, and 1021—1034. 

‘The volcanic range of the Thisn-schan (Asie centrale, 
t i p. 201—203, t. ii. p. 7—61), a mountain system 
extending from west to east across Central Asia from 
the Altai to the Kuen-lun, was at one time an especial 
object of study to me, when to the little which Abel 
Remusat had obtained concerning it from the Japanese 
Excyelopedia, I was able to add the more important 
fragmentary notices discovered by Klaproth, Neumann, 
and Stanislas Julien (Asie centrale, t. ii. p. 39—50 and 

‘you. 1¥ Q 
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335 to 364) The Thian-schan chain is more tha 
eight times the length of the Pyrenees, if passing 
beyond the north and south chain of the Kusyurt-Boke, 
which is traversed by it, we include the Asferah, which 
extends westward to the meridian of Samareand, and in 
which, ss in the Thian-schan, Ibn Haukal and In @ 
Vardi describe fountains of fire and luminous? clef 
emitting sl-ammoninc. (See on Mount Botom, Ase 
centrale, tii. p. 16—20.) In the history of the dynuty 
of Thang it is expressly said, that, on one of the declivi- 
ties of the Peschan, which perpetually sends forth fir 
and smoke, the stones burn, melt, and flow for seven! 
li “like liquid fat; the soft mast hardens as it cools” 
It is scarcely possible to indicate a current of lan 
more distinctly and characteristically. In the 49th bok 
of the voluminous Geography of the Chinese Exspim 
which was printed at the expense of the government in 
Pekin from 1789 to 1804, the fire-mountains of the 
Thian-schan are described as still active, Their situx 
tion is so central that they are about equidistant (1620 
geographical miles) from the nearest pert oS ee 
Sea and the mouths of the Indus and the 

1020 miles from the sea of Aral, and 172 and 208 miles 
from the salt lakes of Issikal and Balkasch. The 
which rise from the mountains of Turfan 

have also been mentioned by pilgrims to Mecca, 
were officially questioned in 1835 at Bombay. (Jo 

of the Asiatic Soc. of Bengal, vol. iv. 1835, p. 657— 
When will the volcanoes of Peschan and Turfan, E 

and Hami, be visited by a scientifically qualified dtr 
veller, who might proceed from Gouldja on the Ii, 
which can be so easily reached ? 
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petual snow; the erupted substances are of two kinds; 
part being trachytic with glassy felspar, and interspersed 
Pyrites very susceptible of weathering; and part dole- 
ritie, consisting chiefly of labradorite and augite, like the 
lavas of Etna; Abich regards the latter as, in this case, 
the more recent. The places from which the streams 
of lava have flowed (all of which, as already stated, are 
below the snow limit) are often marked by cones of 
ezuption, and small craters surrounded by scorim (for 
example in the lange grassy plain of Kip-Ghioll on the 
north-western declivity) Although the deep valley of 
Se James (a ravine which runs up to the summit of 
Ararat, and gives to its form a peculiar character, even 
when seen st a very great distance) presents much 
similarity to the Val del Rove of Etna, and renders 
visible the very interior structure of the upheaved dome, 
yet there is a striking difference, inasmuch as in St. 
James's Valley trachytic rock is found in mass, without 
lava currents, or beds of scorim or of rapilli.(“) The 
Greater and the Lewer Ararat, the first of which is, 
sccording to the excellent geodesical operations of Vasili 
Fedorow, 3’ 4” to the north and 6’ 42” to the west of 
the latter, rise on the southern edge of the great plain 
through which the Araxes rolls in a wide sweep. They 
both stand on the same elliptically shaped volcanic 
plateau, whose major axis is directed from south-east 
to north-west. Kasbegk and Tschegem are also without 
summit-craters, although the former has sent forth 
great eruptions in a northerly direction (towards Wladi- 
caneas) The greatest of all these extinct volcanoes, 
the trachytic cone of Elburuz, which has been up- 
heared from the schistoce, talcose, dioritic, and graniti- 
es 
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ferous mountains of the valley of the Backssn Rive, 
has a crater-lake, Similar crater-lakes are found in tht 
rough highland of Kely, and lava currents can bé set 
to have flowed from them between cones of oruptiea 
Here, as in the Cordilleras of Quito, the bests at 
widely separated from the trachyte systems; they olf 
begin twenty-four and thirty-two miles south of tt 
Elburuz chain, and of Tschegem, on the upper valley 
of the Phasis or Rhion. 


6. Tax Nowru-Eastens Paxr or Asta. 
(Peninsula of Kasitschatka.) 


The Peninsula of Kamtschatka, from Cape Lopailt 
(according to Krusenstern in 61° 3 N, Int.) northwal 
to Cape Ukinsk, belongs to the same category as i 
Island of Java, Chili, and Central America, these beat 
the regions on the earth's surface where the grestet 
number of volcanoes, and, moreover, the greatest nett 
ber of still active voleanoes are congreguted together 
on « comparatively small area. In Kamtechatks foer 
teen are enumerated in a length of 420 geographiel 
miles, For Central America, I find, in 680) mich 
miles (from the voleano of Soconusoo to Turrial 
in Coste Rica), twenty-nine volcanoes, of which eightemn 
are burning; for Peru and Bolivia in 420 miles (frou 
the voleano Chacani to that of San Pedro de Atacama) 
fourteen volcanoes, of which three are at present active; 
for Chili, in 960 miles (from Volcan de Coqnimba t0 
V. de San Clemente), twenty-four yoleanoes, of Whidi 
thirteen are’known to haye been sctive within histerie 
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times, Our knowledge of the volcanoes of Kamtschatka, 
in respect to form, and exactly determined geographical 
position and elevation, has received admirable enlarge- 
ment in modern times, through the exertions of Krusen- 
stern, Horner, Hofmann, Lenz, Liitke, Postels, Beechey, 
snd above all Adolph Erman. The peninsula is inter- 
sected lengthways by two parallel chains, in the castern- 
most of which the voleances are chiefly or wholly si- 
tuated. The highest of these attain elevations of from 
10,500 to 14,800 French feet (11,190 to 15,773 Eng- 
Bish feet) They succeed each other in order, a8 fol- 
lows : proceeding from south to north. 

‘The Opalinski Volcano (Peak Koseheleff of Admiral 
Kruzenstern), Int. 51° 21’: according to Captain Chwos- 
tow, its elevation is almost equal to that of the Peak of 
‘Teneriffe, and it was exceedingly active at the end of 
the 168th century. 

Hodutka Sopka (51°35 Ist.). Between this mountain 
and the last there is an unnamed voleanic cone (51° 32"), 
which, however, like Hodutke, appears, according to 
Posteta, to be extinct. 

Poworotnaja Sopka (52° 22’ lat.), according to Cap- 
tain Beeebey 7931 feet high (Erman’s Reise, Bd. iii, & 
253; Leop. von Boch, Iles Can. p. 447). 

Asmteschinskaja Sopka (52° 2’ N. lat.): great eruptions 
of ashes, especially in 1828. 

Wiljutechinsk Voleano (lat. 52° 52"): according to 
Captain Beeehey 7373 feet high, according to Adtmiral 
Litke 6746 feet; only twenty geographical miles from 
the port of St. Peter and St. Paul, beyond the bay of 
Torinsk. 

Awatschinskaja, or Gorelnja Sopka (lat. 53° 17’), 

ed 
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height, according to Erman, 8910 feet; first ascended 
in the expedition of La Perouse, in 1787, by Mongez and 
Bernizet; and subsequently by my dear friend and 
Siberian travelling companion, Emst Hofmann (July 
1824, in Kotzebue's Voyage of Circumnavigation); by 
Postels and Lenz in Admiral Liitke’s expedition fn 1828; 
and by Erman in September 1829. Erman made the 
important geological observation that the trachyte wt its 
upheaval had broken through schist and graywacke 
(a Silurian rock). ‘This still smoking voleano had a 
dreadful eruption in October 1837, having previously 
had a much slighter one in April 1828. Postels in 
Liitke’s Voyage, t. iii. p. 67—84: and Erman, Reis, 
hist. Bericht, Bd. iii. 8. 494, and 534—540. 

Quite near to the Awatscha Volcano (see note 346 of 
the present volume) there is Koriatskaja or Strjeloschnsjs 
Sopka (lat. 53° 19’), height 11,210 feet necording to 
Liitke, t. iii. p84; rich in obsidian, which the people 
of the country continued, so late as the last century, to 
use as the Mexicans, and, at a very early period of their 
history, the Greeks had done, for arrow-points. 

Jupanowa Sopka: lat., according to Erman's deter- 
mination (Reise, Bd. iii. S, 469), 53° 32’. The summit 
is rather flattish; and Erman’s remark upon it is, “that 
this Sopka, from the emoke which it emits, and the 
subterranean noises which are heard, has always been 
compared to the great volcano of Schiwelutsch, and 
reckoned among undoubted burning mountains.” Its 
height was measured from the sea by Liitke, who madé 
it 9055 feet. 

Kronotskaja Sopka, 10,609 feet, on the lake of the 
same name, lat. 54° 8’; a smoking crater at the summit 
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of m yery pointed conical mountain. (Liitke, Voyage, 
t. iii p. 85.) 

Schiwelutech, twenty miles southeast of Jelowka, was 
almost unknown before it was visited and examined by 
Erman, from whom we now possess an excellent account 
of it (Reise, Bd. iii. S. 261—317, and Phys Beob. Bd. 
i S& 400—403): its northern point is in lat. 56° 40’ 
and its height 10,544 feet; southern point lat. 56° 39’, 
height 8793 feet. When Erman ascended Schiwelutech 
in September 1829, he found it smoking strongly. Great 
eruptions took place in 1739, and between 1790 and 1810, 
the Intter having been not of flowing liquid lava, but 
ef loose volcanic rocks. According to C. von Dittmar, 
the northernmost summit fell in on the night of 17-18 
Febrnary 1854, after which there followed an eruption 
of long continuance, which, possibly, has not yet ceased, 
scoompanied by actual streams of lava. 

Tolbatschinskaja Sopka: emits great outbursts of 
maoke, and has, in former times, often varied the place 
ef the ernption-orifices, from which ashes have been 
ejected; sccording to Erman, lat, 55° 51’, and height 
8313 feet, 

Usehinskaja Sopka: nearly connected with the Klin- 
tethewsk volcano, lat. 66° 0’, height (11,000 French) 
11,723 English feet (von Buch, Can. 8. 452; Land- 
grebe, Vulkane, Bd. i. S. 375.) 

Kliutechewskaja Sopka (lat. 56° 4’): the highest and 
most active of all the volcanoes in this peninsula, has 
been thoroughly examined by Erman, both geologically 
and hypeometrically. According to the accounts of Kras- 
chenikoff, it had great igneous eruptions from 1726 to 
1731, and also in 1767 and 1795, In 1829, Erman, in his 

es 
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Mouticei and Covelli found tor the Rovea del Palo 
3990 feet, and I found nearly 4022 feet. I assumed 
4s the most satisfactory final result for that time 3997 
feet, In the spring of 1855, therefore, thirty-three years 
ater, the fine barometrical measurements of the Olmutz 
astronomer, Julius Schmidt, again gave 3990 feet. (Neue 
Bestimm. am Vesuy., 1856, S. 1, 16, and 33.) How 
much of these differences is due to error of observa- 
tion, barometric formule, and casual circumstances inci- 
dental to the method? Such investigations could be 
carried on more extensively and securely, if, instead of 
often repeated complete trigonometrical operations, or, 
in the case of accessible summits, of the more easily 
‘pplied, but less satisfactory, barometric method, it 
Were arranged simply to take, at desirable intervala, 
‘ay twenty-five or fifty years, angles of altitude of the 
crater margin from some definite and easily identified 
spot, but making those angles exact to fractions of 
seconds, On account of the influence of terrestrial 
refraction, I would advise that, at each normal epoch, 
the mean of observations at several different hours and 
on three different days should be obtained. In order 
to have not merely the general result of increase or 
diminution, but also the absolute amount of change 
expressed in feet, it would suffice to determine, once for 
all, the distance of the point of observation. What a 
rich source of knowledge, founded on experience extend- 
ing over more than a century, respecting the colossal 
volcanoes of Quito, would now be open to us, if, in addi- 
tion to the sufficiently exact measurements left to us by 
Bouguer and La Condamine, those distinguished men 
had furnished us with the knowledge of exact spots, per- 
a6 
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5, East Asiatic Islands, 


From Torres Strait, which in 10° §. lat. divides New 
Ghinea from Australia, and from the smoking voleanoes 
of Florvs to the north-easternmost Aleutian Islands in 55° 
N. lat, there extends an island world, which is for the 
seater part volcanic, nud which, when regarded in a ge~ 
viral geological point of view by reason of its genetical 
oangetion, cannot very easily be separated into single 
ftups, and of which the area widens considerably 
towards the south. Beginning in the north and pro- 
seeding from the American peninsula Alaska, we see 
the bow-shaped curvature of the range of Aleutian 
Idunds (#**), uniting, through the island of Attu which 
ienear Copper and Bering’s Islands, the old and the new 
Continent ; and, aa it were, enclosing Bering’s sea by a 
boundary towards the south. If we, further, proceed 
touthwards from Cape Lopatka, the extremity of the 
Peninsula of Kamtschatka, we have firt the Kurile 
Islands, forming the eastern boundary of the sea of 
Saghalin or Ochotsk, which La Perouse rendered cele- 
brated; next Jezo, which perhaps was once connected 
with the southern point of the island of Krafto () 
(Saghalin or Tschokn); and lastly, beyond the narrow 
straits of Tsugar, the three islands which form the 
Japanese empire (Nippon, Sikok, and Kiusiu, lying, 
according to Siebold's excellent map, between 41° 32° 
and 30° 18' N, latitude), From the volcano of Kliu- 
techewak, the northernmost one on the east coast of the 
Kamtschatkan peninsula, to the southernmost Japanese 
island-voleano of Iwoga-Sima in the strait of Van Die- 
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fof Formosa as the 
.E.S,—W. direction is followed by 
may, in like manner, point to a new fissure-system as 
commencing to the south of Celebes and Borneo whose 
touthern coast is cut east and west. The greater and 
lower Sunda islands from Timor-Laut to West-Bali 
follow for the most part the mean parallel of 8° S. lat., 
through eighteen degrees of longitude. In the west 
part of Java the middle axis already turns rather more 
towards the north, running almost E.S.E.—W.N.W., but 
from the Straits of Sunda to the southernmost of the 
Nicobars the direction is S.E.—N.W. The entire vol- 
nic fissure of elevation (E.—W. and S.E.—N.W.) 
has, according to this, an extent of about 2700 geogra- 
Phical miles, or eleven times the length of the Pyre- 
Rees; of the whole distance, if we disregard the slight 
deviation in Java towards the north, 1620 miles belong 
to the east and west, and 1080 to the south-east and 
Rorth-west direction. 
In this manner, geological considerations on form and 
arrangement conduct us uninterruptedly through the 
islands of the eastern coast of Asia, over the enormous 
space of 68 degrees of latitude, from the Aleutian 
islands and the northern sea of Bering to the Moluccas 
and the greater and lesser Sunda Islea. It is especially 
in the zone comprised between 5° N. and 10°S. latitude 
that the most abundant variety of configuration of land 
has been developed. The directions of the lines of out- 
burst or elevation of the larger parts are most frequently 
eeen repeated in n remarkable manner in neighbouring 
amall ones. Thus, near the south coast of Sumatra, we 
have a long row of islands parallel to it. We may 
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remark in the small phenomenon of veins of ore the mm 
kind of agreement as in the great one of lines of mom 
tains, or of islands, extending over entire continents 0 
extensive regions of the globe. Secondary veins having 
the same “strike” as the principal one, and ncoompauy- 
ing or secondary chains of mountains (“ chaines oom 
pagnantes”), are often found at considerable distansy 
they point to the same causes and to the same dinsotiont 
of the form-giving agency in the folding or wrinklingd 
the earth’s crust. The conflict of forces in the sinmult> 
neous opening of fissures in opposite directions appeut 
to produce now and then extraordinary juxtaposition 
form; as in the complicated outlines of Celebes al 
Gilolo, 

Having thus indicated the inherent geological om 
nection of the eastern and southern Asiatic islands, 
will in order not to depart from the old, somewhat 
arbitrary, geographical divisions and nomenclature, take 
the ern limit of the Enst-Asiatic chain of islantt 
at the point where near Formosa the direction tums ot 
passes, as already stated, from N,E—S.W. to N.—S, 
in the 24th degree of north latitude. The enumeration 
is again made from north to south; beginning with the 
easternmost, rather American than Asiatic, Aleutian 
Islands. 

The Aleutian islands, rich in voleanoes, compris, 
proceeding from east to west; the Fox islands, among 
which are the largest of the entire series Unimak, Una 
laschka,and Unnak; the Andrejanowski islands, amongst 
which the most celebrated are Atcha with three smoke 
ing volcanoes, and the island of the great yoleana 
of Tanaga, which has been drawn hy Sauer; the Rat 
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isndsand the Blynie islands, which stand somewhat 
‘part; amongst these Attu forms, as we have already 
‘nid,the transitional link with the Asiatic “ Commandeur 
group” (Copper and Bering’s Islands). There appears to 
be but little foundation for the often repeated statement, 
that the line of continental volcanoes in the peninsula of 
Kamtachatka, directed from N.N.E. to S.8.W., only begins 
ithe place where the volcanic clevation fissure of the 
Aleutian islands, passing under the sea, intersects the 
Peninsula; thus representing the Aleutian fissure as a 
channel of conduction, According to Liitke’s map of 
Bering’s Sea, the island of Attu, the westernmost extre- 
tity of the Aleutian Islanda, is in 62° 46’ lnt., and the 
Xon-voleanio Copper and Bering’s islands are in 64° 30° 
4nd 55° 20’, while the line of Kamtschatkan volcanoes 
Commences in 56° 40’ with the great volcano of Schi- 
Welutech, west of Cape Stolbowoy. The direction of the 
ruptive fissures is also very different, almost opposite. 
‘The Joftiest of the Aleutian volcanoes, that in Unimak, 
is, according to Liitke, 8076 feet high. Near to the 
north point of Umnak, in May 1796, the island of 
Agaschagokh (or Sanctus Johannes Theologus) was up- 
heaved from the sea under very remarkable cireum- 
stances, which are extremely well described in Kotzebue’s 
Voynge of Discovery (Bd. ii. S. 106); and it continued 
burning for almost eight years. According to an 
account communicated by Krusenstern, it was, in 1819, 
almost 16 geographical 


trachyte containing much hornblende of the volcano Ma- 


tuschkin (5474 fect high) to the black porphyry (?) and 


a 
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adjacent granite, deserve to be examined by anobserrer 
well acquainted with modern geological science, and the 
mineralogical composition of the rocks to be securstely 
investigated. Of the two islands of the Pribytow group, 
which stand a little apart by themselves in Bering’s sea, 
St. Paul's is entirely volcanic with much lava and 
pumice; although, on the other hand, St. George's only 
contains granite and gneiss. 

According to the most complete accounts which we st 
prevent posses, the range of the Aleutian Islands, 960 
miles long, appears to contain upwards of 34 volcanoes 
most of which have been active within recent histurie 
times. Thus, we have here (within 54° and 60° N. Int, 
and 160° to 196° W. long.) a strip of the whole sea bet 
tom between two great continents in a state of constantly 
alternating, formative and destructive activity. Here, 
as in the Azores, in the course of thousands of year® 
many islands may have been elevated to near the surfact 
of the sea, yet without having actually risen above ff, 
and many may long since have appeared and have wul- 
sided again, either wholly or partially unobserved, For 
the migration and intermixture of races and people, the 
Aleutian Islands offer a route 13 or 14 degrees south 
of that by Bering Strait, by which the Tschuktsches 
seem to have passed from America to Asia, and even to 
beyond the Anadyr River. _ 

The range of the Kurile Islands, extending from the 
extreme point of Kamtschatka to Cape Broughtow 
(the north-easternmost promontory of Jezo), a length of 
720 geogmphical miles, has 8 or 10 volcanoes, most 
of which are still burning. The northernmost of thew 
in the island Alaid is known for its great eruptions 
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im 1770 and 1793, and its height would appear to be 
well-deserving of exact measurement, being estimated 
at between 12,000 and 15,000 fect. The far lower peak 
Sarytechew (4505 feet, according to Horner) in Mataua, 
and the southernmost Japanese Kuriles, Urup, Jetorop 
and Kunasiri bave also shown themselves to be still very 
active volcanoes. 

Next in our voleanic series follow Jezo and the three 
great Islands of Japan, upon which the celebrated tra- 
veller Herr yon Siebold has kindly communicated to me 
& Very greatand important notice, for employment in 
the Cosmos. It will rectify and complete the accounts 
taken from the great Japanese Encyclopedia in my 
Fragmens de Géologie et de Climatologie Asiatiques 


(4, pu 217—234), and Asie centrale (t 11, p. 540 


‘The large, and in its northern portion very equare- 
shaped, island of Jexo (413° to 453° lat.), divided by the 
Sangar or Teugar Strait from Nippon, and by the Strait 
of La Perouse from Krafto (or Karafuto), bounds by its 
north-easternmost cape the range of the Kuriles; but not 
far from the north-westernmost point, Cape Romanzow, 
which advances a degree and a half further to the north 
om the Strait of La Perouse, there is in 45° 11/ lat. the 
voleanie Pic de Langle (5350 feet high), on the small 
idand of Risiri. Jezo itself appears to be intersected 
by a range of volcanoes rmning from Bronghton’s 
woathern Volcano bay towards the northern cape; and 
this is the more deserving of attention, because on 
the narrow island of- Krafto, which may almost be 
regarded as a continuation of Jezo, the naturalist of La 
Ferouse’s expedition found in the Baie de Castries red 
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sixteen geographical miles from the south coast, in the 
district of Fusi, province Suruga (Int. 35" 18’, long. 
138° 37’ E.). Its height, measured like that of the 
above-named yoleano of Wunzen, in the island of Kinsia, 
by young Japanese observers trained by Siebold, reaches 
12,443 feet; almost 300 feet higher, therefore, than the 
Peak of Teneriffe, with which Kimpfer had slready 
compared it, (Wilhelm Heine, Reise nach Japan, 1856, 
Ba. ii, S 4.) The upheaval of this mountain took 
place in the fifth year of the reign of Mikado VI, 
(256 nc.), as described in the following (geologically 
remarkable) terms, ‘In the country about Omi, 
a considerable tract of land sank down, s Iske was 
formed, and the volcano of Fusi rose to view.’ The 
historically known most violent eruptions were those 
of 799, 800, 863, 937, 1032, 1083, and 1707 A.», 
since which last date the mountain has been in repose. 
(2) Voleano Asomnjams; the most central of the 
setive volcanoes in the interior of the country; distant 
80 geographical miles from the S.S.E., and 52 from the 
WN.W. coasts respectively ; in the district Saku, province 
Sinano, lat. 36°22’, long. 138° 40’ E.; therefore between 
the meridians of the two principal towns Mijako and 
Jeio. Asamajama had an eruption as early as in the 
year 864 (contemporaneously, therefore, with Fusijama), 
It bad avery violent and destructive eruption in July 
1783, since which time it has been in permanent 


* In addition to these volcanoes, European navigators 
have observed two small islands with smoking craters, 
viz: —(3) the little island IwSgasima or Iw6sima (sima 
iguifies island, and iw6 sulphur; ga is a mere affix of 
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the nominative), fle du Volcan of Krusenstern, souily of 
Kiusiu in Van Diemen Strait, in 30° 43° lat. and 190 
20’ E. long., only 54 English miles from the sbore 
named yolcano of Mitake, height 2366 feet, Thissmmall 
island is mentioned by Linschote:in 1596, who sys; 

‘it has a volcano, which is a sulphur or a buming 
mountain.’ We find it also in the oldest Duteh may 
with the name * Vuleanus’ (Fr. von Siebold, Athe 
vom Jap. Reiche, tab, XJ.) Krusenstern saw it smokig 
in 1804, as did Captain Blake in 1838, and Guérin aul 
de la Roche Poncié in 1846. The height of the eae, 
according to the last-mentioned navigator, is 2363 fect 
‘The small rocky island which Lendgrebe tmentions as 
volcano, in the Naturgeschichte der Vulkane (Bd. 1,8 
$55), according to Kiimpfer not far from Firator (PF 
rando), is indisputably Iwosima ; for the group to whlch 
Iwésima belongs is called Kinsiu kn sima, ie the nist 
jslands of Kiusiu, not the 99 islands There ig .anchs 
group near Firato, north of Nagasaki, and nowhere ee 
in Japan. (4) The island Ohosima (Barnevelt’s Toland 
Krusenstern’s lle de Vries); it is reckoned as belougiag 
to the province of Tdsu in Nippon, and: lies dm five 
of the Bay of Wodawara, in 34°42’ N, late and 139° 26 
E. long. Broughton in 1797 saw smoke rise fromthe 
crater, a short time before a violent eruption had taken 
place. A range of volcanic islets runs southward froin 
Ohosima to Fatsi sj6 (33° 6" N.), and is continued tothe 
Bonin Islands (26° 30’ N. and 142° 5’ E,), whichy at 
cording to Postels (Liitke, Voyage antour du Mondedast 
les années 1826—29, t. iii. p, 117), are also voleanicssl 
subject to very violent earthquakes. 


“These then are the eight historically active wollanoee 
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of Japan proper, in and near the islands Kiusiu and 
Nippon. But besides these there is a mnge of conical 
mountains, some of which, characterised by very clearly 
marked and often deeply depressed craters, appear to be 
Jong extinct volcanoes: this is the cage with the conical 
mountain Kaimon, Krusenstern’s Pic Horner, in the 
most southern part of Kiusiu, on the shore of Van 
Diemen Strait, in the province of Satsum (lat, 319.9%), 
scarcely 24 geographical miles S.S.W. from the active 
Yoleano of Mitake ; aud 80 also with Kofusi or the little 
‘Fosi in Sikok, on the small island of Kutsunasima 
(province Ijo), lat, 33°45’, on the cast shore of the great 
strait Suwo Nada or van der Capellen, which separates 
‘the three great portions of the Japancse empire, Kiusiu, 
Sikok, and Nippon. On the last, the principal island, 
‘there wre enumerated, proceeding from south-west to 
‘north-east, nine such conical mountains, probably trachy- 
tic, amongst which the most remarkable is the Sirajama 
(White: mountain) in the province Kasa (lat, 36° 5’), 
whieh, as well as the Tajo kaisan, in the prevince Dewa 
(lat. 39° 10’), is estimated to be higher than the lofty 
southern volcano Fusijama, more than 12,300 feet high. 
‘Between Sirajama and Tsjo kaisan there is Jakijama 
(the flame mountain) in the province of Getsigo, in lat, 
86° 63. The two northernmost conical mountains on 
the Teugar Straits, in sight of the great island of Jezo, 
are + (1) Jwakijama, which Krusenstern, whose services 
to the knowledge of Japanese geography are deserving of 
enduring remembrance, called Pic Tilesitus (lat. 40° 42’); 
and (2) Jakejama (burning mountain, lat, 41° 20’) in 
Nainbu, on the north-easternmost end of Nippon, which 
“has had fiery eruptions since the earliest times.” 
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On the side of the continent, in the adjacent pénin- 
sala of Corea or Korai (it is almost united to Kiusiu in 
Tat. 34° and 342° by the islands Teusima and Tki), not- 
withstanding its resemblance in form to Kamtéchatks, 
we as yet know of no volcanoes, The volcanic activity 
appears to have been confined to the islands near to it 
Thus, the island-volcano Tsinmura, whieh the Chinee 
call Tanlo, rose from the sea in the year 1007, A 
learned man, Tien-kong-techi, was sent to see and 
describe the phenomenon, and to make a drawing of it 
(“), On the island Se-he-sure (Quelpaerts of the 
Dutch), the mountains show everywhere a volcanic 
conical outline. The central mountain, according to La 
Perouse and Broughton, reaches a height of 6000 French 
feet (6395 feet.) How many more volcanic manifest 
tions may there not still be to discover in the western 
archipelago, where the king of the Corea takes the title 
of the king of 10,000 isles ! 

From Peak Horner (Kaimon-ga-take) at the south- 
western point of Kiusia there runs a bow-shaped 
range of small volcanic islands, the opening of the hor 
Leing towards the west, and it comprises between the 
straits of Van Diemen and Colnett, Jakunosima anil 
Tanegasima :, and then passing south of Colnett strait 
into the Linschote group of Siebold (*) (Archipel Ge 
cille of Captain Guérin, which extends to the paralld 
of 29°) it includes Suwasesima, Captain Belcher's Vol- 
cano island in 29° 39' N. and 129° 43’ E.; height 2803 
feet, according to de la Roche Poncié; then Basil Hall 
Sulphur island, Torisima or Bird island of the Japaness, 
Lung-hoang-schan of Father Gaubil, 27°61’ N. and 128 
61’ E,, according to the determination of Captain de le 
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Roche Poncié in 1848, As it is also called Iwicima, 
care mast be taken not to confound it with the more 
northern island of the same name in the Strait of Van 
Diemen. It has been extremely well described. by 
Captain Basil Hall. Between 26° and 27° of latitude 
follow the Loo Choo islands, of which Klaproth had 
given a special map so early as 1824; and more to the 
south-west the little archipelago of Madschikosima which 
spproaches near to the great island of Formosa, and is 
regarded by me ss the termination of the East Asiatic 
felands. In lat, 24° near the east coast of Formosa, in 
October 1853, Lieatenant Boyle observed a great vol- 
canic eruption in the sea. (Commodore Perry, Exped. to 
Tapas, vol. i. p. 500.) In the Bonin islands (Buna-sima 


of the Japanese, lat, 264° to 273° N., 142° 17’ E.), Peel's 
island has several craters with sulphur and scoris, which 
appear not to kave been long extinct. (Perry, vol. i. 
p- 200 and 209.) 


6. South Asiatic Islands. 


We comprise under this head Formosa (Thaywan), the 
Philippines, the Sunda Isles, and the Moluceas. The 
volcanoes of Formosa were first made known to us by 
Klaproth from Chinese sources, which always give such 
cireumstantial descriptions of natural phenomena. (“) 
‘They are four in number, one of which, Techykang, Red 
Monntain, has a crater lake of hot water, and has had 
great igneous eruptions, The small Baschi islands, and 
the Babuyans which so late a5 1831, according to Mayen, 
had m vehement fiery eruption, connect Formosa with 
the Philippines, the smallest and most broken of which, 

‘OL. Iv, R 
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are the principal volcanic sites, Leopold yon Buch ew 
merates in the Philippines nineteen lofty isolated conial 
mountains, all called in the country “Volcanes,” le 
of which some probably are closed trachytic doms 
Dana thinks that in the southern part of Luzon thiot 
are now only two active volcanoes, Teal in the Lagaa 
de Bongbong or Bombon, with an encircling nit 
enclosing a second Laguna (see above, p. 242.); andit 
the south part of the peninsula ef Camarines the we 
cano of Albay or Mayon, which the natives call Teuvy 
it is about 3200 feet high, and had great eruptions & 
the years 1800 and 2814. In the northern part & 
Luzon granite and mica slate, and even sedimentey 
formations and coal, are diffused. (*) 

‘The long extended group of the Sulu or Solo islanly 
probably fully a hundred in number, connecting Mink 


nao with Borneo, is partly volcanic and partly intersetal 


by coral reefs, Isolated unopened trachytic coniell 
peaks are, indeed, often called “Volcanes” by Me 
Spaniards. 

Dr, Junghubn, after having carefully passed in # 
view all those islands which are to the south of the fii” 
parallel of north latitude (south, therefore, of Ot 


Philippines), and between the meridians of the Nic} 


bars and the north-west of New Guinea, states as tt 


result that “in a wreath of islands surrounding t® 


great and almost continental island of Borneo thet 
are 109 lofty fire-emitting mountains and ten mob 
voleanoes,” This is by no approximate estimate but 
actual enumeration. 

In Borneo itself, the Ginva Maggiore of Mat 
Polo (‘*!), we have as yet no certain knowledge of sa] 
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ctive voleano; we are indeed only acquainted with 
some narrow strips of coast (on the north side as far as 


washings): nor is the loftiest mountain of the whole 
idand, (perhaps the loftiest in any of the South 
Asiatic islands,) Kina Bailu, with its two summits, of 


volcano; Captain Belcher found it about 13,700 feet 
high, or nearly 4000 feet higher than Gunung Pasaman 
(Mount Ophir), in Samatra.(*) But on the other 
band, Rajah Brooke mentions a much lower mountain 
im the Province of Sarawak as bearing the name of 
Gunung Api (Fire Mountain in Malay), which name 
and the scoris which surround the mountain would 
indicate a former state of volcanic activity. Great 
deposits of nuriferous sand between quartzose dykes, 
tmueh tin washed down on both banks of the river, and 
the felepathic porphyry (") of the Serambo mountains, 
indieste a great diffusion of so-called primitive and 
transition rocks, ‘From the only well-nssured determi- 
nations which we poses from a well trained geologist, 
(Dr. Ludwig Horner, son of the meritorious Zurich 
astronomer and circumnavigntor,) washings are carried 
a at several places in the south-east of Borneo, in 
whieh process gold, diamonds, platina, osmium, and 
‘ridium are found, as in the Siberian Ural (but hitherto 
no palladium). A range of hills 3410 feet high, the 
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Barah mountuins, is ry near, amb has fieemations of 
expentins, obi, aad srenite (“*) 

fe the other three creat Sunda Tei, Samat, Jam, 
and Celebes, Junghuin ommts of active toieanwes;—@ 
Suma 6 ur 7, m Java 30 or 23, amd im Celebes 1; 
t Florss he aeuens 6. We bare alnendy spoken 2 
demil, p 240 te 288, of the volkances of Java Lb 
Sumatra, sich bas aot yet been thorsughiy explored, 
ont of nineteen amid mountains which have a wh 
canic appearance, str are active volesmoen(“) Thee 
recognised as such are: Ganung Indrapers, about 11,500 
French feet (12,254 English) according te angles of 
altitade taken at sea (perhaps ity height is similar to 
that of the more exactly measured &. Semerz or Mabs- 
Meru in Java}; Ganeng Pammun, abo called Opt, 
which was amended by Dr. L. Horner (9602 feet), with 
an almest extinet crater ; Gunung Salasi rich in sulphat; 
it erupted scorie in 1533 and 1815; Gunung Mengi 
(9570 feet) also ascended by Dr. L. Horner in compas? 
with Dr. Korthal im 1834, the most active of all the 
yoleances of Sumatra, and pot to be confounded with 
the two mountains of the same name in Java(™) 
Gunung Ips, a truncated cone which sends forth emobe; 
and Gunung Dempo, in the inland district of Bencoolia: 
ite height ia estimated at 10,000 French feet (alstt 
10,660 English). 

Four small islands, cones of trachyte, of which Pak 
Rekasta and Panashitam (the Prince's islands) are th 
highest, rise in the Strait of Sunda and connect the 
Sumatra range of volcanoes with that of Java; and is 
similar roanner, at the eastern end of Jaya, ite enstern- 
most volcano, Idgien, is connected by the active volensee® 


b 
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Gunung Bator and Gunung Ajang on the adjacent 
island of Bali with the long chain of the Lesser Sunda 
Islea. We have in succession, proceeding eastward from 
Bali, in the island of Lombok, the smoking volcano of 
Rindjani, according to Mr. Melville de Carnbee’s trigo- 
hométrical measurement 12,363 feet; Temboro (5862 
feet), in Sambawa or Sambawa island, whose eruption of 
pumice and ashes which darkened the air, in April 1815, 
is one of the greatest of which history has preserved 
the reeond (®*); and six partly still smoking conical 
voleanoes in the island of Flores. 

‘The great and many-armed island of Celebes contains 
lose together in the north-casternmost narrow peninsula 
of Menado. Sulphurous springs gush forth boiling bot 
in their vicinity. My Piedmontese friend, Count Carlo 
Vidus, a very extensive and observant traveller, unhap- 
pily fell into one of these springs situated near the 
route from Sonder to Lamovang, and died from the 
fects of the inflamed wounds caused by the scalding 
mand. Like the little island of Banda, one of the 
Moluccas, which consists of the volcano Gunung Api 
(only about 1800 feet high, and which was active from 
1586 to 1824), the larger island of Ternate also consists 
wilely of the cone of Guning Gama Lama (5755 feet 
high), whose violent eruptions from 1838 to 1849 are 
described as having taken place (after an interval of 
more than a century and a half of entire repose) at ten 
Gstinct epochs, Junghubn tells us that, in the eruption 
of the Srd of February 1840, a stream of Java issued 
from a fisure near Fort Toluko and flowed down to the 
@-chore (); he is uncertain “whether the lava may 

a3 
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have formed a connected completely molten mas,¢ 
whether it may have issued forth in the form of ghowiag 
fragments, which rolled down, and as they followedis 
close succession pressed each other over the more led 
ground.” If to the more important volcanic com 
which have been named above, we add the many vey 
small island-volcanoes which cannot be here enumerstel 
in detail, then the sum total of all the voleances tt 
ated to the south of the parallel of Cape Serangani, @ 
Mindanao, one of the Philippines, and between the mer 
dians of the north-west cape of New Guinea on the eat, 
and the group of the Nicobar and Andaman islands co 
the west, amounts, as has been already said, to 109.) 
It is not, however, meant that these are now all actine 
volcanoes, The estimation has been made in sxk 
manner that “in Java it includes 45 volcanoes, most of 
them being conical and furnished with craters,” Butol 
these 45 only 21, and of the whole number of 109 only 
from 42 to 45 are now active, or are known to bare 
been so within historic times. The great peak of Timor 
once served, like Stromboli, as a lighthouse to marine 
On the small island Pulu Batu (also called P, Komba), 
a little to the north of Flores, a volcano was seen i 
1850 to pour down glowing lava on the sea-beach, # 
was also the case with the Peak on the langer Sangit 
island between Magindanao and Celebes in 1812, and 
again quite recently in the spring of 1856. Junghala 
doubts whether the conical Mount Wawani or Ateti in 
Amboina poured forth anything more than hot mud ia 
1674, and he regards the island as at present belonging 
only to the class of solfataras, The great group of the 
South Asiatic islands connects itself on the one hand by 
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times, as has also the still more northerly conical moun- 
tain of the Island of Cheduba (18° 52’ N.), near the 
coast of Arracan (Silliman’s American Journal, vol. 38, 
p- 385). 

The most active volcano, if the abundance of lam 
poured forth be made the criterion, not only in the 
Indian Ocean but almost in the whole of that part of 
the southern hemisphere which lies between the meni- 
dians of the west const of New Holland and the eat 
coast of America, is the volcano of the Island of Bour- 
bon in the group of the Mascareignes, The grester 
part of the island, in particular the western and inland 
portion, is basaltic, More recent basaltic dykes, poor in 
olivine, intersect the older rock which is rich in olivine; 
and beds of lignite are enclosed in basalt, ‘The culmi- 
nating points of the mountainous island are Le Gre 
Morne and Les Trois Salazes whose height was ove 
estimated by Lacaille at 10,000 French feet (10,058 
English). The volcanic activity is now confined to the 
sonth-eastern part of the island, Le Grand Pays Brulé. 
The summit of the Volcano of Bourbon, which alm 
every year sends forth, acecrding to Hubert, two streams 
of lava, which often reach the sea, is, according to 
Berth's measurement, 8000 feet high.(°") It show 
many cones of eruption to which distinct names have 
been given, and of which sometimes one and sometimes 
another sends forth eruptions. The summit itself doet 
#0 but rarely. The lavas contain glassy felspar, and are 
therefore trachytic rather than basaltic, The showers 
of ashes often contain olivine in the form of long and 
fine threads, a phenomenon which is also found in the 
Volcano of Owyhee, A great eruption which took 
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Picturesque “Arched Rock” is a natural passage through 
& berrow projection of basaltic rock. There are in the 
‘Yitinity conical mounts, of which the highest rise to 
2064 feet, with extinct craters; masses of greenstone 
‘aod porphyry traversed by dykes of basalt, and amyg- 
tiloid with quartzose drusic cavities, at Cumberland 
‘Bay. Most remarkable are the many beds of coal em- 
‘teked in trap-rock (dolerite as at Meissner in Hesse ?), 
‘wrying in thickness from a few inches to four feet.(*) 

Tf we cast a general glance over the domain of the 
Tetin Ocean, we seo that the extremity of the Sunda 
‘age, which in Sumatra has assumed a north-westerly 
turvature, is prolonged through the Nicobars, the 
Qteater and lesser Andamans, and the volcanoes of 
‘Barren island, Narcondam and Cheduba, into the eastern 
Jart of the Bay of Bengal, in a line almost parallel to 
‘tho coast of Malacca and Tenasserim. The western part 
of the Bay of Bengal, along the coasts of Orissa and Co- 
romandel, is without islands; Ceylon, like Madagascar, 
na rather a continental character, On the western side 
_ Of the great Indian peninsula, over against the range of 
the Neilgherries and the coasts of Canara and Malabar, 
the three groups of the Laccadives, Maldives, and Cha- 
gos, form in a north and south direction a chain of 
islands from 14° N, to 8°S. latitude connecting itself 
through the banks of Sahia de Malha and Cargados 
Carajox with the volcanic group of the Mascareignes and 
with Madagascar; they are all, 20 far as is visible, strac- 
‘tures raised by the coral polypes, true atolls or lagoon 
reefs; according to Darwin's ingenious conjecture, that 
we haye here a wide space of sea bottom forming an 
area not of elevation but of subsidence. 

née 
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I prefor to avoid the sectional names arbitrarily and 
Yariouly given upon grounds respecting either the 
umber and size of islands, or the complexion and de- 
went of their inhabitants, Polynésic, Micronésie, Mela- 
eésio, and, Malaisie("); and begin the enumeration of 
will active volcanoes in the Pacific or South Sea with 
those which are to the north of the equator; and will 
then proceed to consider, in a direction from east to 
Wet, the islands lying between the equator and the 
Prillel of 30° S, The many basaltic and trachytic 
iilets with their countless craters, eruptive formerly but 
a very different periods, must not indeed be regarded 
M dispersed without any regularity or definite order.(*) 
We ean recognise in the greater number that their ele- 
‘ation lias taken place on extended fissures and subma- 
Hoe mountain-ranges, following determinate directions 
ia regions and groups belonging to different systems, as 
we hnve seen to be the case in the continental mountain- 
anges of Central Asia and the Caucasus; but the rela~ 
tive positions of the very limited number of volcanic 

apertures which show themselves contemporancously 
netive at any particular epoch, are probably dependent 
on very local disturbances affecting the conducting 
fissures. If we attempt to draw lines through three 
voleanoes which are all active at the present time and 
are 2400 and 3000 geographical miles from each other, 
without any intermediate cases of eruption, —(I mean 
the volcanoes of Mauna Loa, with Kilaues on its eastern 
declivity, the conical Mount Tanna in the New Hebrides, 
and Assumption in the northern Ladrones,)—such lines 
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eruptions teok place from th 


weeks, and even sent forth streams sof Lie from : 20 
28 geographical miles in length, reaching to the foot of 
Mauna Kea. The angle of inclination of the connected 
flowing stream (°'°) was for the most part 6°, often 
from 10° to 15°, and even 25°. A very remarkable fea- 
tare in Mouna Loa is the absence of any cone of ashes 
or cinders like the Peak of Teneriffe, Cotopaxi, and so 
many other volcanoes; pumice is also almost entirely 
wanting (*"); although the blackish-grey, rather 
trachytic than basaltic, lavas of the summit are rich in 
felspar. The extraordinary fluidity of the lavas of 
Mouna Loa, whether from the summit-crater (Mokua- 
Weo-weo), or from the lake of lava (situated at a height 
of only 3969 feet above the sea on the eastern declivity 
of the volcano), is evidenced by the sometimes smooth 
and sometimes curled threads of glass which the wind 
carries and scatters over all the island. This hair-like 
glass, which is also emitted from the volcano of Bourbon, 
is called in Hawaii (Owyhee), “ Pele’s Hair,” from the 
protecting goddess of the country. 

Dana, with great sagacity, has shown that Mouna 
Loa is not a central volcano to the Sandwich island 
group, and that the lava-lake Kirauea or Kilauea is not 
a eolfatara. (°7) The longer diameter of the basin of 
Kilauea is 16,000 feet, and its shorter diameter 7460 
feet. The steaming, boiling, heaving fluid of this lava- 
pool, does not under ordinary circumstances occupy the 
whole cavity, but only a space a little Jess than 14,000 
feet long and rather more than 5000 feet broad. There 
is a descent by a kind of steps down the crater margin. 
This grand phenomenon leaves on the mind a wonderful 
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impression of stillness and solemn repose. ‘The approach 
of an eruption is not here announced by earthquakes or 
subterranean noises, but solely by a sudden rising and 
falling of the surface of the lava, sometimes froma 
depth of 300 or 400 feet to the upper margin of the 
basin, and the reverse. If, disregarding the enormous 
difference of size, we should be disposed to compare the 
colossal basin of Kilauea with the small lateral craters 
(first circumstantially described by Spallanzani) situsted 
on the declivity of Stromboli, at four fifths of its height, 
and of which the langer are only about 200 and the 
smaller about 30 feet across, we should remember the 
important distinction constituted by the fact, that thee 
fiery openings of Stromboli (which is itself unopened 
at the summit) throw up scorim to a great height, and 
even pour forth lavas. Althongh the great lava-lake of 
Kilauea (which may be termed the lower and secondary 
crater of the active voleano of Mouna Loa) may some 
times threaten to overflow its margin, yet it never het 
actually so overflowed as to give birth to a proper stream 
of lava, Such streams are, however, formed by the 
descent of the lava through subterranean channels, and 
by the formation of new openings of eruption ats 
distance of 16 or 20 miles from the fiery lake at pointe 
much lower down. After such eruptions, occasioned 
by the pressure of the enormous masa of lava if 
Kilauea, have taken place, the surface of the le 
the basin sinks to a lower level, (9) 

Of the other two high mountains in Hawaii, Moaa 
Kea and Mouna Hualalai, the first is, according 
Captain Wilkes, 192 fect higher than Mouna Loas it 
a mountain cone whose summit no longer presests 





‘ON ITS EXTERIOR. VOLCANOES. 377 


& terminal crater, but only hills of long extinguished 
seorie. Mouna Hualalai® is about 10,000 feet high, and 
is still burning. In 1801 an eruption took place in 
which the lava reached the sen on the western side. 
Tt is to the elevation from the bottom of the sea of 
the three great mountains of Los, Kea, and Hualalai, 
that the whole of the island of Hawaii owes its origin: 
In the descriptions of the many ascents of Mouna Loa, 
among which that given by Captain Wilkes’ Expedition 
fests on examinations continued during 28 days, a 
fall of snow with a temperature of from 9° to 14° 
below the freezing point is spoken of, and single patches 
of snow near the summit are said to have been seen 
from a distance by the aid of a telescope ; but perpetual 
mow is never mentioned.(**) I have already remarked 
that according to the measurements which we may now 
regard as most accurate, 13,759 feet for Mouna Loa, and 
13,951 feet for Mouna Kea, those mountains are fully 
1000 and 800 feet below what I found to be the lower 
limits of perpetual snow on the continental mountains of 
Mexico in 19}° of latitude. We should expect to find 
the Himit of perpetual snow rather lower down on a small 
feland than on a continent, on account of the influence of 
the surrounding ocean in occasioning, in the hot season, 
8 lower tempernture of the inferior atmospheric strata, 
and the presence of a greater quantity of aqueous 
vapour in the higher portions of the atmosphere over 
the island. 

‘The volcanoes of Tafoa* and Amargura*, in the 
Tonga group, are both active, and the latter sent forth 
a considerable flow of lava on the 9th of July 1847. (**) 
Tks an exceedingly remarkable circumstance, and in 
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complete accordance with the experience that the en! 
fnimals avoid the coasts of volcanoes which now awe 
have recently been in a state of activity, that the Tors 
islands (rich in coral-reefs) of Tafoa and of the cme 
Kao are quite stripped of living coral. (5%) 

The volcanoes of Tanna* and Ambrym * come net} 
the latter is to the west of Mallicollo, in the group of tt 
New Hebrides. The volcano of Tanna, which was fit 
described by Reinhold Forster, was found in full exp 
tion on Cook's first discovery of the island in 1774. It 
has continued active ever since, and aos its height® 
scarcely 460 feet, it must be ranked, together Wh 
the Japanese Kosima and the yolcano of Mendis 
mentioned below, as belonging to the class of the mé 
elevated of fire-emitting mountains. On Mallicullo it 
much pumice. 

Mathews Rock® is o small island-rock about 11) 
feet high, which sends forth smoke, and which D'Urdt 
observed in eruption in January 1828, It is to at 
east of the south point of New Caledonia. 

‘The voleano of Tinakoro*, in the Vanikoro or Salt 
Cruz group. | 
In the same archipelago of Santa Cruz, fally 80 
graphical miles N.N.W. of Tinskoro, there rises fom | 
the sea a small volcano * only about 200 feet in heigl 
(under 200 French or 213 English feet), which was firt 
seen by Mendajia in 1595, It is in 10° 23’ S. Ttafiery 
eruptions have sometimes been periodical, ooonrring 
every ten minutes; and sometimes, as when seen by 
D’Entrecasteaux’s expedition, the column of vapour 

may be said to have been itself the crater. 

In the Solomon group there is an active yoleano oi 
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he island Sesarga.* Near to t,and therefore near also 
© the south-eastern extremity of the long range 
WPislands, and in the direction of the Vanikoro or 
Santa Cruz group, outbreaks of volcanic activity have 
been remarked on the coast of Gundalcaiiar. 

Th the Ladrones, or Marianas, in the northern part of 
(hat range of islands which seems to have been elevated 
from a fissure running in the direction of the meridian, 
Gogean*, Pagon *, and the Volcan Grande of Asuncion * 
fre said to be still active. 

‘The direction of the coast-line of the small continent 
if New Holland, and especially the alteration of direo- 
tion undergone by its east coast in 25°S, (between Cape 
Hervey and Moreton Bay) appears reflected, or repeated, 
in the zone of neighbouring eastern islands. The grent 
fouthern island of the two islands of New Zealand, and 
the Kermadec and Tonga groups have a general south- 
West and north-east direction : while on the other hand 
‘northern part of the northern island of New Zealand, 
the Bay of Plenty to Cape Oton, New Caledonia 
New Guinea, the New Hebrides, the Solomon 
New Ireland and New Britain, all follow a 
and north-west direction, for the most part 
48° W. Leopold von Buch (7) was the first to 
attention to these relations between continental 
and the neighbouring islands, in the case 
the archipelago of Greece, and of the coral-sea of 
In the islands of this last-named sea also, as 
already remarked both by Cook's companion, Forster, 
La Billardiére, granite and mica-slate, the quartzose 
which were once termed primitive, are not wanting. 
has also found them in the northern island of 
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New Zealand, to the west of Tipuna, in tho Bay of 
Islands. (""*) 

At the southern extremity of New Holland (Australia 
Felix), at the foot and to the south of the Grampian, 
fresh traces of ancient volcanic action are found: and t# 
the north-west of Port Phillip there are, according 
to Dana, a umber of volcanic cones and lava bels 
as also towards the Murray River (Dana, p. 453). 

In New Britain *, near its eastern andits western const, 
at least three cones have been observed as burning and 
yielding lavas within historic times, by Tasman, Dampier, 
Carteret, and La Billardiére, 

There are two active voleanoes on the north-east cout 
of New Guinea, opposite to New Britain and the Admi- 
ralty islands, which are rich in obsidian, 

In New Zealand, where the geology of the northem 
island at least has been well elucidated by the important 
work of Ernst Dieffenbach and the fine investigations of 
Dana, basaltic and trachytic rock breaks through the 
generally diffused plutonic and sedimentary rocks at 
several points; for instance, in an exceedingly small 
area near the Bay of Islands in 35° 2'S., where rise the — 
cones of ashes, crowned by extinct craters, of Turcte 
and Poerua; go also, further to the south (between 37° 
and 394° S,), a strip of volcanic ground extends ncros 
the whole of the northern island, a distance of more 
than 160 miles from north-east to south-west, from the 
eastern Bay of Plenty to the western Cape Egmont 
Here, as we have seen on a larger scale on the Amerioat 
continent (in Mexico), this zone of volcanic activity 
Appears aa a croga fissure ranning from sea to sea, ani 
intersecting at a considerable angle the long inland 


i « 
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thain of mountains which seems to give the form to the 
entire island. On the volcanic cross fissure, and as it 
may seem at the point of intersection, we have the 
high cone of Tongariro* (6198 feet), whose crater on 
the cone of ashes has been reached by Bidwell; and, 
rather more to the south, Ruapahu (9005 feet) The 
north-east extremity of the zone is formed by a con- 
stantly smoking solfatara, the island-volcano of Puhia-i- 
wakati* (*) (White island, in the Bay of Plenty, Int, 
384°S.). Returning to the south-west, we have first, 
on the const itself, the extinct volcano of Putawaki 
(Mount Edgecombe), 9630 feet high; asnow-clad moun- 
tain, and probably the loftiest in New Zealand; and 
inland, between Mount Edgecombe and the still burning 
‘Tonguriro*, which has poured forth some streams of 
lava, we find a long chain of lakes of which some are of 
boiling water. The lake of Taupo, which is surrounded. 
by fine shining leucite and sanidine sand, and by hills 
of pumice, is nearly twenty-four miles in length; it is 
in the middle of the northern island of New Zealand, 
anil is 1337 feet above the level of the sea, according to 
Dieffenbach, ‘The space around, for two English square 
miles, ix covered with solfataras, caves emitting vapours, 
and thermal springs; which last, like the geysirs in Ioe- 
land, form a varicty of deposits of silicates. (*°) To 
the west of Tongariro*, the principal seat of voleanic 
activity, whove crater still emits vapours and pumice 
ashes, and which is only sixteen geographical miles 
distant from the westorn sea, rises the volcano of Twra- 
naki (Mount Egmont), 8838 feet high and which was 
first ascended and measured by Dr. Ernst Dieffenbach 
fn November 1840, The summit of the cone, of which 
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the outline resembles that of Tolima more than that of 
Cotopaxi, terminates in a plateau from which there 
rises a very steep cone of ashes. No traces of present 
activity, a8 on the volcano of White Island* and that of 
Tongariro", have been observed; nor any connected 
lava-streams. Masses of a ringing kind of rock Jami- 
nated in very thin scales, and which project, as on one side 
of the Peak of Teneriffe, in sharp ridges from among 
seorie of the cone of ashes itself, resemble porphyritic 
schist (or phonolite). 

A narrow, long-extended, uninterrupted series of 
island groups over south-east and north-west fissures, 
as New Caledonia and New Guinea, the New Hebrides 
and Solomon Islands, Pitcairn, Tahiti, and the Paumotu 
islands, cross the great Pacific Ocean in the-southem 
hemisphere between the parallels of 12° and 27° S, 
extending in an east and west direction over 5400 geo- 
graphical miles, from the meridian of the east const of 
Australia to Easter Island and the Rock Sala y Gomez 
‘The western portions of this great congeries of islands 
(New Britain*, the New Hebrides*, Vanikoro® in the 
Santa Cruz archipelago, and the Tonga* group) show 
at the present time (the middle of the 19th century) 
igneous activity. New Caledonia, although surrounded 
by basaltic and other volcanic islands, has merely plu- 
tonic rocks (*), as is the case in the Azores with Sante 
Maria (*) according to Leopold von Buch, and also 
with Flores and Graciosa according to Count Bedemar 
To this absence of volcanic activity in New Caledonia, 
where sedimentary formations and beds of coal hare 
lately been discovered, is ascribed the great development 
of live coral-reefs. The group of the Viti or Feqjee 
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islands is both baltic and trachytic, yet in the point of 
view now under consideration it is only distinguished by 
hot-springs in SavwBay in the island of Vanua Leboo.(*) 
The Samoa group (Navigator's islands), north-east of 
the Feejee, and almost due north of the still volcanically 
active Tonga group, is also basaltic, and is characterised 
by a great number of linearly arranged craters of erup- 
tion surrounded by beds of tufa with inbaked pieces of 
coral. Most remarkable, geologically, is the Peak of 
Tafaa in the island of Upolu belonging to the Sainoa 
group, snd not to be confounded with the still burning 

Peak of Tafoa south of Amargura in the Tonga group. 
The Peak of Tafua, 2138 feet high, which was first 
ascended and measured by Dana ('), has a large crater 
quite filled with forest trees and crowned by a regularly 
rounded cone of ashes, There are no traces of lava- 
streams, but there are scoriaceous lava-fields (Malpais of 
the Spaniards), with curled and often reticulated surface 
of the lava, at the conical Mountain of Apia (2576 feet), 
also in the island of Upolu, as well as at the Peak of 
Fao which reaches a height of 3000 French (3197 Eng.) 
feet. The lava-fields of Apia contain narrow subter- 
mannean caves, 

‘Tahiti in the middle of theSociety islands is much more 
trachytic than basaltic; it shows, properly speaking, 
only the ruins of its former volcanic framework; and 
amidst these grand remains, forming sometimes lofty 
walls and sometimes jagged peaks, with vertical preci- 
pices several thousand feet in depth, it is difficult to 
decipher the original form of the voleano. Of the two 
‘highest summits, Aorai and Orohens, Aorai was ascended: 
first by Dana (**), and examined by that sound geolo- 
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gist. The trachytic mountain Orohena is said tobe 9°] 
high as Etna. Tahiti has, therefore, next to the wtiié 
group of the Sandwich islands, the loftiest eruplire 
rock in the whole of the great oceanic domain yay 
between the continents of America and Asia Af? 
spathic rock of the small islands of Borabors and Mir 
rua in the vicinity of Tahiti, which later travelled 
have termed ayenite, and which Ellis in his “ Polynesia 
Researches” desiguates as a granitic aggregate of felapar 
and quartz, ix deserving of a much more exact minéne 
logical examination ; as porous scorisceous basalt lireakt 
forth in near proximity to it, Neither extinct eratert 
nor streams of lava are now found in the Society islanié 
It is natural to ask, have the craters on the mountale 
summits been destroyed? or are the now riven aul — 
altered remains of the voloanic frameworks the ralns@ | 
closed domes? or may we suppose that here, as has pre 
bably been the case at many other points of thew | 
heaved sea bottom, basalt and trachyte beds have bea 
poured forth directly from earth-fissures? Extremes of 
great tenacity or of great fluidity in the: substance 
which issued forth, as well as differences of narrownel 
or breadth in the fissures through which they hare 
issued, modify the shape assumed. by the voleanic rocks 
formed by them; and where friction produces trituration 
into small fragments and into what are then ‘called 
ashes, small, and most often transitory, cones of erp 
tion arise, which are not to be confounded with the 
great terminal cones of ashes of permanent frameworks 
At only a short distance to the east of the Soclety 
islands there follow the Low islands, or Paumotih 
‘These are mere coral-islands, with the remarkable ex 
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ception of the small basdtic group of Gambler sid 
Pitcairn islands. (°°) Volcanic rock, as in these last, 
is also found in the same parallel (between 25° and 27° 
&) 1260 geographical miles more to the eastward in 
Easter Island (Waihu), and probably also 240 miles 
further, in the Sala y Gomez rock. On Waihu, where 
the highest conical summit is only about 1000 feet 
high, Captain Beechey observed a range of craters, none 
of which, however, appeared to be burning. 

The islands of the Pacific at their extreme eastern 
termination on the side of the American continent con- 
clude with the group of the Galapagos; one of those 
in which volcanic activity is most developed. Scarcely 
anywhere in so smal] a space, barely 120 or 140 geogra- 
phical miles in diameter, have so many conical mountains 
and extinct craters (traces of ancient communication be- 
tween the interior and the atmosphere) remained visible. 
Darwin estimates the number of craters at almost 
2000. When he visited these islands in the expedition 
of the Beagle under Captain Fitz-Roy, two craters were 
simultaneously in fiery eruption. In all the islands, 
streams of very fluid lava may be seen separating into 
branches, and often reaching the sea, Almost all are 
rich in augite and olivine, and some which are more 
trachytic are said to contain albite(*) in large crystals. 
It would be well in the present state of improved mine- 
ralogical knowledge to examine whether these porphy- 
Titic trachytes do not contain oligoclase, as at Teneriffe 
and in Popocatepetl and Chimborazo; or labradorite, as 
in Etna and Stromboli. Pumice is entirely wanting in 
the Galapagos, as in Vesuvius, as a production of the 
volcan) itself; neither is hornblende ever mentioned as 
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having been found in them, #0 that we have not her 
the trachyte formation of Toluca, Orizaba, and of sme 
of the volcanoes of Java, from which Dr. Jungith: 
sent me selected solid pieces of lnva to be exanissl 
by Gustav Rose. In Albemarle island, which is th 
largest and westernmost of the Galapagos, the cola) 
mounts are arranged linearly, and we may infer the 
fore over fissures, Their greatest height, however, des 
not exceed 4636 feet. The western bay, in which rist 
the island peak of Narborough which in 1826 was ia 
vehement eruption, is described by Leopold von Buch(™) 
as a crater of elevation, and is compared to Santorin, 
Many of the margins of craters in the Galapagos ant 
formed of beds of tufa which fall away on all sides, Itt 
remarkable, and indicative of the simultaneous action 
of a great catastrophe, that all the crater-margins are 
either broken down or entirely destroyed on their 
southern side. Part of what in older descriptions # | 
termed tufa consists of beds of palagonite, quite similir 
to that of Iceland and Italy, as has been establisbal | 
by Bunsen’s exact analysis of the tufas of Chatham 
isand.() This, which is the easternmost island of 
the entire group, and of which the exact position har 
been astronomically determined by Beechey, is still 636 
‘geographical miles distant from Punta de &. Francisco 
on the American continent, according to my determina 
tion of the longitude of the town of Quito, 81°4’38"W. 


from Paris, and Acosta’s Mapa de la Nueva Granada of 
1849, 
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9 Mevico. 


The six Mexican volcanoes, Turtla*, Orizaba, Popo- 
catepetl*, Toluca, Jorullo*, and Colima*, four of which 
have been burning within historic times, have already 
‘been enumerated (®), and their geologically remarkable 
Tlative positions described. According to recent ex- 
mination by Gustav Rose the formation of the rock of 
Popocatepetl, the great volcano of Mexico, is the same 
as that of Chimborazo, consisting, like it, of oligoclase 
and augite. Even in the almost black beds of trachyte, 
resembling pitchstone, oligoclase can be recognised in 
very small crystals with oblique angles. The volcano of 
Colima on the western side, on the shore of the Pacific, 
belongs to the same Chimborazo and Teneriffe formation. 
I have not myself seen Colima; but we owe to Pie- 
schel (*") (since the spring of 1855) a very instructive 
review of the rocks collected by him, as well as interest- 
ing geological notices upon the volcanoes of the entire 
Mexican highland, all of which he has himself visited. 
The volcano of Toluca, whose narrow highest summit of 
difficult access (the Pico del Frayle), was ascended by 
me on the 29th of September, 1803, and its height de- 
termined barometrically at 15,168 feet, is very different 
in mineralogical composition from the still active Popo- 
catepetl, and the volcano of Colima, which is not to be 
confounded with another higher, snow-clad summit of 
the same name. The volcano of Toluca consists, like 
the Peak ‘of Orizaba, Puy de Chaumont in Auvergne, 
and /€gina, of an association of oligoclase and horn- 
blende. According to the above short statement we 
perceive that, in the long series of volcanoes extending 
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from sea to sea, no two successive members have the 
game mineralogical composition, a circumstance very 
deserving of attention. 


North-western America 
GNorth of the parallel of the Rio Gila). 


In the section which treated of the voleanic activity 
of the Enst-Asiatic islands (), particular importance 
was attached to the bow-shaped curvature of the fissure 
of elevation from which the Aleutian islands have risen, 
and which manifests an immediate connection between 
the Asiatic and American continents, i. between the 
two volcanic peninsulas Kamtschatka and Alix 
(Alashka), We may call this the northern boundary of 
a great bay of the Pacific Ocean, which, from a breadth 
of 150° of longitude which it occupies at the equator, 
diminishes to 37° of longitude between the points of the 
two above-named peninsulas. On the American conti- 
nent, near the sea, a number of more or less active volo 
noes have been known to mariners for the last sovesty 
or eighty years; but this group has been hitherto 
regarded as isolated, unconnected either with the w0- 
canic series of tropical Mexico, or with the yoleanoet 
supposed to exist in the peninsula of California, Now 
when a series of extinct trachytic cones are regarded # 
intermediate links, an insight into their important go> 
logical connection has been gained by the filling up of 
what was previously a gap, extending over more the 
28° of latitude, between Durango and the new Wath 
ington territory north of West Oregon. This important 
step in physical geography is due to the expedition sist 
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by the United 3) 
Foute frum the plains of 
the Pacific; the expedition was aisy well prepared ix 
Scientific respects, and all parts of nataral history hare 
benefited by it. In the now explored terra incognita 
©f this interval, great strips of country, very near to 
the Rocky Mountains on their eastern «ide, and extending 
‘to s considerable distance from their western declivities, 
Taye been found covered by the products of either 
‘@xtinct or still active volceances. We may thus see that, 
JGeginning from New Zealand, and proceeding first for 4 
©onsiderable distance in a north-west direction we car 
Yess through New Guinea, the Sunda islands, the 
Philippines, and the east of Asia, and ascending to the 
Aleutian islands, can redescend to the southwari 
through the north-western part of America, Mexico, 
Central and South America, to the extremity of Chili; 
thus making the entire circuit of the Pacific Ocean, and 
finding it surrounded, throughout a length of 26,400 
geographical miles, by a series of recognisable monu- 
ments of volcanic activity. Such a general cosmical 
view could not have been gained, and based on adequate 
grounds, without entering into particulars of exact geo- 
graphical direction and improved classification. 

Of the circumference of the great sea-basin here spoken 
of, (or, inasmuch as there is but one throughout-com- 
municating body of oceanic waters upon the earth, we 
ought rather to say (™), of the circumference of the 
largest of those portions of the ocean which form as it 
were bays or gulfs between continents,) there still re- 
main to be described the regions which extend from 
the Rio Gila to Norton’s and Kotzebue’s Sounds. Analo- 
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gies derived from Europe, from the chains of the 
Pyrenees or the Alps, and from South America from 
the Cordilleras of the Andes from the south of Chili 
the fifth degree of north latitude in New Granada, sup 
ported by fanciful representations in maps, have propt 
gated the erroneous opinion that the Mexican hig 
mountains, or at least their highest ridge, can be trace, 
as a wall-like rampart, from south-east to north-west 
under the name of a “ Sierra Madre.’ In reality, how 
ever, the mountainous part of Mexico is a broad mighty 
intumescence, which does indeed hold its way contini- 
ously at a height of from 5300 to 7400 feet, im the 
assigned direction, between the two seas; but mpat 
which, as in the Caucasus and in Central Asia, lofier 
volcanic mountain-systems following partial and very 
different directions rise to above 16,000 and 17,800 feet. 
‘The directions of these partial groups, which have lirket 
forth over fissures which are also not parallel with eal 
other, are for the most part independent of the idail 
axis which can be drawn through the middle of the 
whole swelling wave of the flattened ridge, Thee 
remarkable relations in the form of the ground, ost 
sion an illusion which heightens the picturesque effectel 
this beautiful land. The giant mountains clothed with 
perpetual snow appear to rise as from a plain) The 
surface of the softly swelling undulation, or the “high 
plain,” is scarcely distinguished from the plains of the 
lowlands; and it is only the climate, the diminiihed 
temperature under the same parallel of latitude, whieh 
reminds us that we have ascended, The often-men- 
tioned elevation-fissure of the voleanoes of Anahus 
(running cast and west between the parallels of 19° — 
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snd 104° N; lat.) cuts the axis of the general undulation 
almost at right angles, ("*) 

‘The form of a considerable part of the earth's sur- 
face here indicated, and which was only begun to be 
made out by careful measurement since 1803, is not to 
‘be confounded with swellings of the surface which are 
found included between two wall-like bounding moun- 
tain chains, as in Bolivia around the lake of Titicaca, 
and in Central Asia betwoen the Himalaya and the 
Kuen-lun. The first of these two last-named swellings, 
the South American, which at the same time forms as 
it were the floor of the valley, has, according to Pent- 
land, a mean elevation of about 12,850 feet above the 
ea; and the Thibetian, according to Captain Henry 
Strnchoy, Joseph Hooker, and Thomas Thomson, an 
elevation of about 15,000 feet. The wish expressed by 
‘me half a century ago, in my very detailed Analyse de 
| TAtlas geégraphique et physique du royaume de la 

Nouvelle Espagne (§ xiv.), that my profile of the high 

plain between the city of Mexico and Guanaxuato might 

be continued by measurements over Durango and Chi- 
 huabua to Santa Fé del Nuevo Mexico, bas now been 
_ completely fulfilled. The distance, allowing only one 
fourth for the inflections, is much more than 1200 geo- 
graphical miles ; and the peculiar characteristics of this 
Tong unregarded feature of the carth’s surface (the 
‘gentle slope and great breadth of the undalation, é. ¢, 
from 240 to 280 geographical miles) are evidenced by 
‘the cireumstance that the distance between Santa Fé 
and Mexico, (a difference of latitude of fully 16° 20’, 
‘end a distance about equal to that between Stockholm 
tind Florence,) can be travelled, on the table land, in 
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four-wheeled carriages, without artificial roads The 
possibility of such communication was already kav 
to the Spaniards at the end of the sixteenth cee, 
when the viceroy, the Conde de Monterey (™), — 
the first settlement of Zacatecas, 

Tn confirmation of what has been said above in gem 
ral of the relations of altitude between’ the elty ¢ 
Mexico and the town of Santa Fé del Nuevo Mexisy! 
subjoin the principal elements of the barometric lat 
lings taken from 1803 to 1847. I have given ie 
places in the order from north to south, so) that te 
more northerly being highest in the page may oe 
spond most conveniently to the arrangement in ondiny 
maps, (%) (The initials indicate the observer, W. mR 


fies Wislizenus; B., Burkart; H., Humboldt.) 


Santa Fé del Nuevo Mexico (lat, 35° 41’ N.) Ele 
tion 7046 feet, W. 

Albuquerque (*) (35° 08’ N.) Elevation 48 
feet, W. 

Paso del Norte (***) on the Rio Grande del Nott 
| (29° 48’N.). Elevation 3791 feet, Wy 

Chibunhua (28° 32’ N.), 4638'feet, W. 

Cosiquiriachi 6273, feet, W. 

Mapimi in the Bolson de Mapimi (25° 54¢N.), 478 
feet, W. 

Parras (25° 32/ N.), 4985 feet, W. 

Saltillo (25° 10 N.), 5240 feet, W. 

Durango (24° 26’ N,), 6848 feet, Oteiza, 

Freanillo (23° 10 N.), 7244 feet, B, 

Zacatecas (22° 50’ N.), 9012 feet, B. 

San Luis Potosi (22° 08" N.), 6090 feet, By 
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Ayuas calientes (21° 53’ N.), 6262 feet, B. 
Lagos (21° 20’ N.), 6377 feet, B, 
Villa de Leon (21° 07’ N.), 6134 feet, B. 
Silso, 5911 feet, B. 
Guanaxusto (21° 0’ 15’ N.), 6836 feet, H. 
Salamanca (20° 40’ N.), 5762 feet, H. 
Celaya (20° 38’ N.), 6017 feet, H. 
Queretaro (20° 36 39” N.), 6363 feet, H. 
San Jnan del Rio in the State of Queretaro (20° 30’ N.), 
6491 feet, H. 
Tula (19° 67’ N.), 6734 feet, H. 
Pachues, 8140 feet, H. 

‘Moran, near Real del Monte, 8511 feet, H. 
Houebuetoca, at the northern end of the great plain 
of the city of Mexico (19° 48’ N.), 7533 feet, H. 

Mexico (19° 25’ 45” N.), 7469 feet, H. 

Tolues (19° 16’ N.), 8824 feet, H. 

Venta de Chalco, south-eastern end of the plain of 
the city of Mexico (19° 16’ N.), 7712 feet, H. 

San Francisco Ocotlan, western end of the great plain 
of Puebla, 7680 feet, H. 

Cholals, at the foot of the ancient terraced pyramid 
(19° 02’ N.), 6906 feet, H. 

La Puebla de los Angeles (19° 0' 15’'N.), 7200 feet, H. 

‘The village of Las Vigas marks the eastern end of the 
high plain of Anabusc, 19° 37’ N.; the elevation of 
the village is 7814 feet, H. 


Whereas before the commencement of the nineteenth 





3904 REACTION OF THE INTERIOR OF THE EARTH 


throughout zone of more than 16° of intitude, ftom 
Santa Fé to the city of Mexico, all Lypsometrically 
determined, and the greater part having also their ge- 
graphical positions fixed astronomically, In looking 
over this zone we see the surface of the high bre! 
Mexican plain undulate between 5500 and 7000 Frend 
feet (5862 and 7460 English). The lowest portioa df 
the route from Parras to Albuquerque is still mon 
than « thousand feet higher than the highest partel 
Vesuvius. 

This great but gentle swelling (*), pater 
of which we have now been 
much in breadth trons ls teoaal peer 
lels of 42° and 44°, that the breadth of the “Gnat 
Basin,” west of the Mormons’ Salt Lake, is upwards of 
340 geographical miles, with a mean elevation of 4260 
feet. It is everywhere very distinct from the rampart 
like chains of mountains which surmount i The 
knowledge of this form is one of the principal frnita 
Fremont’s great hypsometrical investigations in 182 
and 1844, The swelling belongs to a different ani 
earlier epoch than the comparatively late elevation of 
the mountain-ranges and systems of varying directiee, 
At the point where, about the 32d parallel of Tatitode 
according to the present boundary-determinations, the 
mountains of Chihuahua enter the wostern territory ofthe 
United States, (the provinces which have been separsléd 
from Mexico,) the mountains have already assumed the 
somewhat indefinite name of Sierra Madre, It isne6 
however, until near Albuquerque that a decided bifit 
cation (*°) takes place. At this bifurcation the westem 
branch retains the general name of Sierra Madre, ast 
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the eastern one, from 36° 10° lat. northwards (a little to 

| the worth-east of Santa Fé), has received from American 
and English travellers the now everywhere recognised, 
though not happily selected, name of the Rocky Moun- 
The two chains form between them a longitudi- 

| valley in which Albuquerque, Santa Fé, and Twos 
situated, and through which the Rio Grande del 

arte flows, In 38}° N. lat. the valley is closed by a 
chain running east and west for nearly 90 geographical 
miles. The Rocky Mountains are continued in an 
divided north and south line to41°N. In this inter- 
rise, rather on the eastern side, the Spanish peaks; 
Peak (5798 feet), of which Fremont has given 
view; James's Peak (11,433 feet); and the three 
‘Mountains, which enclose three high caldron- 

d valleys whose lateral walls rise in the eastern 

ong's Peak, or Big Horn, to heights of 9060 and 11,190 
(*) At the eastern edge, the boundary between 

fiddle and North Park, the chain of mountains alters 
direction, and from 40}° to 44° N., for a distance of 

out 260 geographical miles, runs from south-east to 

est. It is in this portion that the South Pass, 

7490 feet, occurs, as well as the wonderfully pointed 
‘serrated Wind-River Mountains, with Fremont’s 

Poak (43° 08") which rises to the height of 13,567 feet. 
the parallel of 44°.N., near the Three Tétons, the 

| north-western direction ecases and the north and south 
direction of the Rocky Mountains is resumed. It is 
maintained as far as Lewis and Clarke's Pass in 47°02" 
‘N.,112° W. There the chain of the Rocky Mountains 
has still a considerable height (6977 feet), but on ac- 
~ eount of the many deep river beds towards Flathead 
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River (Clarke's Fork), it becomes more regular and 
simple. Clarke's Fork and Lewis (or Snake) Rive 
form the great Columbia River, which will one day te 
an important commercial route, (Explorations for s 
railroad from the Mississippi River to the Pacific Qos 
made in 1853-1854, vol. i, p. 107.) 

As is the case in Bolivia, where the eastern chain of 
the Andes, in which are the mountains of Sorata (21,28 
fect) and Ilimani (21,148 feet), does not now preset 
any still active volcanoes, 30 also in these western partt 
of the United States voleanic activity is at preset 
limited to the coast chain of California and Oregia 
The long chain of the Rocky Mountains, of which th 
distance from the sea coast of the Pacific varies frye 
480 to 800 geographical miles, and baying no traces 
still-subsisting volcanic activity presenta, however, like 
the eastern chain of Bolivia in the valley of Yucay ('*) 
on both its declivities volcanic rocks, extinguishel 
craters, and even lavas with included obsidian and Sob 
of scoriee, In this part of the Rocky Mountains, whid 
has been described from the excellent examinations i 
Fremont, Emory, Abbot, Wislizenus, Dana, and Jee 
Marcou, the last-named distinguished geologist enum 
rates three groups of ancient volcanic rocks on the tw 
declivities. The earliest proofs of the voloanicity of th 
district were also due to Fremont’s observational laabity 
commencing in 1842 and 1843, (Report of the Er 
ploring Expedition to the Rocky Mountains in 1843, 
and to Oregon and North California in 1843—184, 
pp. 164, 184—187, and 193.) 

On the eastern slope of the Rocky Mountains, on tht 
south-western route from Bent's Fort om the Arkanst 





ON ITS EXTERIOR. VOLCANOES. 397 


River to Santa Fé del Nuevo Mexico, there are two 
extinct voleanoes, the Raton Mountains (), with 
Fisher's Peak, and (between Galisteo and Peiia Blanca) 
the hill of El Cerrito. The lavas of the first of these 
cover over the whole country between the Upper Arkan- 
sos and the Canadian River. The peperino and volcanic 
scorim, which begin already to be found in the prairies 
| it approaching the Rocky Mountains from the eastward, 
may perhaps belong to ancient eruptions of the Cerrito, 
| or possibly even of the great Spanish peaks (37° 32’ N.). 
‘'Phis eastern volcanic domain of the isolated Raton 
‘Mountains forms an area of 80 geographical miles in 
Ginmeter ; its centre is somewhere about 36° 50’ N. 
On the western elope of the Rocky Mountains, the 
most clearly marked evidences of ancient volcanic ac- 
tivity occupy a much wider space, which has been 
‘teaversed throughout its breadth from east to west by 
the important expedition of Lieutenant Whipple. 
‘This nrea, which is exceedingly irregular in outline, and 
ix moreover interrupted for a length of fully 120 geo~ 
graphical miles by the Sierta de Mogoyon, is comprised 
_ Galways spenking according to Marcou's geological map) 
hetween the parallels of 33° 48’ and 35°40’, These 
outbursts have therefore been more to the south than 
those of the Raton Mountains: their mean latitude is 
_ early that of Albuquerque, The area thus spoken of 
_ divides itself into two sections; that of the part of the 
 erest of the Rocky Mountains near Mount Taylor, 
which terminates in the Sierra de Zuii (**), and the 
more western division, called Sierra de San Francisco, 
‘The conical Mount Taylor, 12,256 fect high, ia sur- 
rounded by radiating lava-streams, which can be dis- 
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tinetly traced as “malpais,” still devoid of vegetation, 
and covered with scorim and pumice, following a winiing 
course for distances of many miles, in the same manser 
as around Hecla, About 70 geographical miles to the 
west of the present Pueblo de Zuii rises the bitty 
volcanic mountain ridge of San Francisco itself, whee 
summit is estimated at full 16,000 feet; it runs tothe 
south of the Rio Colorado Chiquito, and further to the 
west follow Bill William Mountain, the Aztec Pas 
(6279 feet), and the Aquarius Mountains (8526 feet) 
The volcanic rock does not terminate at the confluent 
of the Bill William Fork with the Great Colorado 

near the village of the Mohave Indians (in 34}°N. 
114° W.); for several extinct, but stil) open, craters of 
eruption can be recognised beyond the Rio Colorada, 
near the Soda Lake, (**) ‘Thus we see here, it the 
present New Mexico, in the volcanie group of the Siam 
de & Francisco, to a little to the westward of the Ris 
Colorado Grande or del Occidente (into which the Gil 
falls), throughout an extent of 180 geographical mile, 
a ‘ition of the ancient voleanic domain of Auvergne 
and the Vivarais, and the opening of s new and wide 
field to geological research, 

Also on the western side, but 540 geographidal mile 
more to the north, we find the third ancient voleanit 
group of the Rocky Mountains, that of Fremont's Peak 
and of the two “ Three Mountains,” which are very much 
like the Trois Tétons and the Three Buttes (**), both ii 
conical form and in name: they are to the west of these, 
and therefore further from the chain. ‘They present 
wide-spread and much rent and torn black banks of 
lava, with a scoriaceous surface. (*7) 
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Several littoral or const chains run parallel to: the 
chain of the Rocky Mountains, sometimes in single, 
sometimes in double ranges; and in their northern por- 
tions (from 46° 12’ N.) are still the seat of volcanic 
activity. We have first, from San Diego to Monterey 
(from 324° to 363° N.), the “Coast Range,” specially so 
ealled, » continuation of the ridge of land of the penin- 
sula of Old or Lower California; then, generally at a 
distance of about 80 geographical miles from the shore 
of the Pacific, the Sierra Nevnda (de Alta California), 
from 36° to 403°;—then, beginning from the high 
Shasty Mountains in the parallel of Trinidad Bay 
(41° 10°), the Cascade Range, which includes the highest 
summits still burning, and extends from south to north, 
at a distance of 104 miles from the coast, to far beyond 
the parallel of the Fuca Strait. Running in the same 
direction, from 43° to 46° N., but at a distance of 280 
miles from the coast, the Blue Mountains rise to a mean 
height of 8000 feet. (*") In the middle portion of Old 
California, but a little to the north, near the eastern 
coast (the western shore of the gulf), in the district of 
the former mission de San Ignacio, in about 28° N., we 
find the extinct volcano, called the “ Volcanes de las 
Virgenes,” which I have set down in my map of Mexico, 
‘This volcano had its latest eruption in 1746: we require 
more certain information respecting both it and the 
whole surrounding district. (See Venegas, Noticia de 
la California, 1757, t. i. p. 27; and Duflot de Mofras, 
Exploration de ['Orégon et. de In Californie, 1844, t. i. 
pp. 218 und 239.) 

Rocks belonging to ancient volcanoes have been already 
found in the Coast Range near the port of San Francisco, 
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at the Monte del Diablo (3672 feet), which las been ex- 
amined by Dr. Trask, in the gold-yielding longitudinsl 
valley of the Rio del Sacramento, and in » fallen-in 
trachytie crater called the Sacramento Butt, which las 
been drawn by Dana, Further to the north, the Shacty 
or Tshasht] Mountains, contain basaltic lavas; obsidian, 
used by the natives for arrow-points; and the taloxe 
serpentines, which at many points of the earth’s surface 
occur in near connection with voleanic formations, But 
the proper seat of still-subsisting volcanic activity & 
found in the Cascade Mountains, where several peaks 
covered with perpetual snow, rise to heights of 15,000 
and 16,000 feet. I subjoin a list of such mous 
tains, proceeding from south to north, and, as before, 
marking by an asterisk those which are still more or 

voleanoes. The lofty conical mountains not 
so marked are probably in part extinct yoleanoes, and in 
part unopened trachytic summits, 


Mount Pitt or M‘Laughlin, in 42° 30’, rather to the 
west of Lake Tlamat, height 9549 feet. 

Mount Jefferson or Vancouver, in 44° 35’; a conical 
mountain, 

Mount Hood, in 45° 10’; certainly an extinet yoleans, 
covered with cellular lava: according to Dana, it 
and Mount St. Helen's are between 16,000 and 
16,000 feet high, Mount St, Helen's being a little 
the highest.() Mount Hood.was ascended in 
August 1853, by Lake, Travaillot, and Heller. 

MountSwalalabos, orSaddle Hill, $.S.E.of Astoria (™), 
with a fallen-in extinct: crater, 

Mount St, Helen's *, north of the Columbia River, ia 
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46° 12'N,, at least upwards of 15,000 feet high, 
fhecording to Dann (**); still burning, always send- 
ing forth smoke from the summit-crater: a volcano 
covered with perpetual snow, of very fine and 
regular conical form: on the 23d of November, 
1842, a great eruption took place, which, according 
to Fremont, has covered the country all around for 
@ great distance with ashes and pumice. 

Mount Adama, in 46° 18’ N., almost due east of Mount 
St. Helen's; more than 112 geographical miles 
from the coast: the last-named still-burning moun- 
tain being only 76 miles therefrom. 

Mount Reignier*, also written Mount Rainier, in 
46° 48’ N.; ESE. from Fort Nisqually on Puget’s 
Sound, which is connected with the Fuca Strait; 
4 burning volcano: according to Edwin Johnson's 
map in 1854, 12,330 feet high: it had violent 
eruptions in 1841 and 1843 

Mount Olympus, in 47° 50’ N., only twenty-four 
geographical miles south of the strait of San Juan 
de Fuca, so long celebrated in the History of Dis- 
covery in the Pacific, 

Mount Baker*; a great and still active volcano in 
the territory of Washington (in 48° 48’), rising to 
® great height (? not yet measured), and of very 
regular conical form. 

Mount Brown (16,000 feet?), and a little to the enst 
of it Mount Hooker (16,730 feet?), are, according 
to Johnson, lofty mountains of ancient volcanic 
tmchyte in New Caledonia, in 524° N. and 118° 
and 120° W., remarkable therefore for being more 
than 300 geographical miles from the coast. 
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Mount Edgecombe*, on the small island called Lazarus 
island, near Sitka, in 57° 3’N., whose violent fiey 
eruption in 1796 I have already spoken of in the 
present volume (English translation, Note 387} 
Captain Lisiansky, who ascended it in the early 
part of the present century, found the volcano at 
then burning. Its height (®) according to Brat 
Hofmann is 3040 feet, according to Lisiansky 280) 
feet: there are hot springs near it which break 
forth from granite like those which are on the ruule 
from the Valles de Aragua to Portocabello, 

Mount Fair-weather, Cerro de Buen Tiempo, aeurd> 
ing to Malaspina 14,710 feet bigh(*), in 58°49'N, 
covered with pumice, was probably still burning in 
recent times, like Mount Elias, 

Volcano of Cook's Inlet (60° 08’ N.), acconiling to 
Admiral Wrangel 12,064 feet high; regarded ly 
that distinguished and accomplished navigutor, 
well as by Vancouver, as an active volcano. (™) 

Mount Elias, in 60° 17’ N, and 136° 08’ We: acconl- 
ing to manuscripts of Malaspina found by me in 
the archives of Mexico, 17,861 feet high; sccoré 
ing to the map of Captain Denham, 1853-1856, ils 
height is only 14,968 feet. 


The phenomenon seen by the Arctic voyagers ins 
recent expedition to the east of the mouth of Mackenzie 
River (in 69° 57’ N. and 127° W.), and which MeGlarw 
called “ the Voleanoes of Franklin Bay,” seems to hare 
been of the character either of what are sometimet 
termed “ Earth-fires,” or of Salses emitting hot mul- 
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vapours. An eye-witness, the missionary 


hing, interpreter to the expedition, found 

i or forty columns of smoke which rose from 
jearth-fissures or from «mall conical elevations of 
jclays of many colours, The smell of sulphur was so 
strong that one could hardly approach within twelve 
|paces of the columns of smoke. No rock in sité, or 
solid masses, were found. Luminous phenomena were 
‘seen at night from the ship; no eruptions of mud were 
observed, but great beat of the sea-bottom, and alo 
emall basins of sulphuric acid and water. The district 
deserves tobe carefully examined, This phanomenon is 
not to be connected with the voleanic activity of the 
Californian Cascade mountains, the Cerro de Buen 
Tiempo, or of Mount Elias, (M‘Clure, Discovery of 
the North-West Passage, p. 99; Papers relating to the 
Arctic Expeditions, 1854, p. 34; Miertsching’s Reise 
‘Tagebuch, Gnada 1866, 8, 46.) 


I have thus far described in their internal connection, 
and in ascending order, the volcanic vital activities of 
our planet; the great and mysterious phenomenon of 
the reaction of the molten interior against the surface 
covered with vegetable and animal organic life. Next 
in succemion to tho almost purely dynamieal effects of 
earthquakes (of the waves of commotion), I have placed 
thermal springs and salses, i. ¢ phenomena which, 
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with or without spontaneous ignition, are produced by 
permanently increased temperature imparted to the 
waters of the springs and to gaseous exhalations, aml 
by chemical diversity of composition. The highest, 
and, in its manifestations, the most complicated degre 
of activity is presented in voleanoes, as these elicit the 
great and diversified processes of cystalline rock-form 
tion by the dry method, and are therefore not met 
agents of dissolution and destruction, but aré tle 
formative, and bring substances into new combinaties 
A considerable portion of very recent, if not of the 
most recent, rocks are the work of volcanic activity; 
whether, as is still the case at many points of the eartlis 
surface, by pouring forth molten masses from their om 


conical or dome-shaped frameworks; or whether, in the 
youth of our planet, basaltic and trachytie rocks may 
have flowed forth directly in a fluid state from a ne 
work of open fissures, in proximity to sedimentey 
strata. 


I have endeavoured, in the preceding pages, to dele 
mine in the most careful manner the locality of the paittt 
at which communication between the fluid interior ofthe 
earth and the external atmosphere has long remaitel 
open. I have now to sum up the number of thet 
points, to distinguish the volcanoes which still eontint® 
active from among the much greater abundance of es 
as have been so within remote historic periods, and ty 
consider them in their distribution as continental anda 
insular voleanoes, If the entire number which I think 
I may assume as the lowest (nombre limite” “limite 
inférieur”) were simultaneously in a state of notivity, 
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the influence on the constitution of the atmosphere, 
and on its climatic, and especially its electric, relations 
would assuredly be very sensible; but the non-simul- 
taneity of the eruptions diminishes the effect and 
restricts it within very narrow, and for the most part 
merely local limits, In great eruptions there arise 
around the crater, in consequence of evaporation, vol- 
canic storms, which, accompanied by lightning and 
violent falls of rain, often occasion devastation; but 
an atmospheric phmnomenon of this kind has no gene- 
ral results, For, on account of the magnitude of the 
phmnomenon, I have always regarded as exceedingly 
improbable the opinion which is even still sometimes 
expressed, attributing the remarkable darkness which 
for many months, from May to August in 1783, over- 
spread a considerable portion of Europe and Asin as 
well as of the north of Africa (while on the high moun- 
tains of Switzerland the sky was seen clear and unob- 
scured), to great volcanic activity in Iceland, and to the 
earthquake in Calabria. Where earthquakes embrace a 
wide aren, a certain influence on the period of the com- 
mencement of the rainy season, as in the highlands of 
Quito and Riobamta in February 1797, and the south- 
east of Europe and Asia Minor in the autumn of 1856, 
may be more readily admitted, than extensive meteoro- 
logical effects from an isolated volcanic eruption. 

Th the subjoined table the Inst column but one in- 
dicates the number of volcanoes which have been cited 
in the preceding pages; and the last column (within 
lurackets) indicates the portion of them which have 
given proofs of activity within recent times, 
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Number of Volcanoea on the Globe. 


. Europe 
2. Islands of the Atlantic 
. Africa . 
. Continent of Asia 
a. Western portion and Cen- 
tral Asia * 
6. Peniasula of Kamtschatka 
j- East-Asiatic Islands . 
. South-Asiatic Islands . 
. Indian Ocean . 
. Pacific Ocean . 
9. Continent of America 


ses 


d. North - west America, 
north of the Gila 
10, Antilles @) (or West-Indin 
Islands) . * 5 


Totals - 407 (3) 
—— 


@ 
® 
(8) 
# 
8) 
o 
®) 
) 
ay 
I] 
® 
® 


The result of this laborious investigation, which Bs 
occupied me long because I have everywhere gone batk 
to the original authorities (the geological and geogr- 
phical accounts of travellers), is that out of 407 vol 
canoes which have been cited, 225 have been in activily 
within very modern times. Earlier statements (™) 
have given the number of still active voleanoes thirty 
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fifty less, because prepared on different principles, 
lave here restricted myself to volcanoes which either 
illemit vapours, or which have had historically assured 
within the nineteenth or the latter half of 
the eighteenth century. There have indeed been in- 
tervals between successive eruptions of the same voleano 
extending over four centuries and upwards; but such 
fates nre very rare, We know the slow succession of 
it eruptions of Vesuvius, in the years 79, 203, 512, 
Bsa, 983, 1138, and 1500. Previous to the great 
P of Epomeo in Ischia in 1302, we know only 
those of the years 36 and 45 n.c., therefore fifty- 
lire years before the breaking out of Vesuvius 
| Strabo, who died under Tiberius at the age of ninety, 
inety-nine years after Spartacus had intrenched him- 
elf on Vesuvius), and who had no historic knowledge 
an older eruption, declares Vesuvius to be an 
ncient volcano which had long ago burnt out and 
e extinct. He says: “Above those places” 
laneum and Pompeii) “lies Mount Vesuios, 
ncompassed by the finest cultivated fields, except on 
summit. This is, indeed, mostly a plain surface, 
unfruitful, and has an ashy appearance. It shows 
ft hollows of sooty-looking rock, appearing as if it 
been eaten into by the action of fire, so that we 
F conjecture that at some former time there burnt in 
ese orifices a fire which has now become extinct, the 
which supported it having been consumed.” (Strabo, 
b. ¥- page 247, Casaub.) This description does not 
either a cone of ashes or a crater-like depres- 
n (7) of the ancient summit, the encircling ridge of 
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which might have served Spartacus (™*) and his gis 
diators as a rampart. 

Diodorus Siculua (lib. iv. cap, 21, 5), who lived under 
Cesar and Augustus, in describing the battle of Her- 
cules with the Gianta in the Phlegrean Fields, als 
designates “ the Mount.” now called Vesuyius, asa Mor, 
which, like Etna in Sicily, once emitted much fire, and 
(still) shows traces of ancient burning. He gives the namé 
of Phlegrean Fields to the entire space between Came 
and Neapolis, as does Polybius (lib, fi, cap. 17) to the still 
larger space between Capua and Nola; while Strabo (lik 
v.p- 246) describes the district near Puteoli (Dicwarchis) 
where the great Solfatara is situated, with great loal 
truth, and terms it “H¢aicrou dyopd. Tn Inter time — 
the name ra ¢eypaia 7re8la has been commonly limited 
to this district, as in the present day geologists ail 
place the mineralogical composition of the lavas of the 
Philegrean Fields in opposition to those of the district 
round Vesuvius. We find the same opinion, that i 
former times there had been fire under Vesuvius, aul 
that that mountain had anciently had eruptions, i 
Vitruvius’s book on Architecture (lib. it cap. 6), aml 
expressed in the most decided manner in a pasmg? 
which has not been sufficiently regarded, Non mint 
etiam memoratur antiquitus crevisse ardores et abusilie 
viese sub Vesuvio Monte, et inde evoruisse circa ngr® — 
flammam, Ideoque nunc qui spongia sive beat 
Pompojanus vocatur, excoctns ex alio genere Inpidis, it 
bane redactus esse videtur generis qualitatem, Id 
autem genus spongie, quod inde eximitur, non i 
omnibus locis nascitur nisi circum A8tnam et collibes 
Mysie quia Grecis xataxexavpévor nominantar.” 45 
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overspread Pompeii was, as Leopold von Buch woe 
consider, thrown down from the declivities of the Somm 
in the eruption of 79,—or whether, as Seacchi maintain, 
the newly opened erater of Vesuvius east forth pumice 
simultaneously on Pompeii and on the Somma? Thefict 
of “pumex Pompeianus” being known to Vitruvins in the 
time of Augustus, points to eruptions anterior to Pliny: 
and from the experience which we haye had of yar 
bility in the formations by volcanic activity in differe 
ages and under different circumstances, we are by p? 
means warranted either in absolutely denying the pos 
bility of Vesuvius having ever at any former period pe 
duced pumice, or in absolutely assuming that pumic, 
i.¢, a fibrous or porous state of a pyrogenous mineral, eit 

be formed where obsidian or trachyte is preset 
with glassy felspar (sanidine), 

Although, according to the examples adduced, mvt 
uncertainty still subsists as to the length of the pentlt 
after which a slumbering volcano may re-awaken, yetlt 
is of great importance to ascertain the geograpliial 
distribution of burning voleanoes at a determinate 
epoch, Of the 226 orifices through which, in the 
‘middle of the nineteenth century, the molten intericr tf 
the earth is in volcanic communication with the atm 
sphere, 70 (less than a third part therefore) are on ox 
tinents, and 155 (or fully two thirds) are ib ' 
‘the 70 continental volcanoes, 53 (or three fourths) beleog 
to America, 15 to Asia, 1 to Europe, and 1 or 2 to tlt 
portion of Aftiea with which we are acquainted Iki 
in the South-Asiatic Islands (the Sunda isle | 
Moluceas) and in the Aleutian and Kurile (Enst-Asintie) 
islands, that the greatest number of island yoloaoes 
are congregated within the smallest space. ‘The Aleo 





ON ITS EXTERIOR. VOLCANOES. 411 


tian islands contain perhaps more volcanoes active 
within recent historic times than does the whole conti- 
nent of South America, Taking the earth altogether, 
it is the region comprised between the 73rd W. and 
127th E. meridian from Greenwich, and the parallels 
of 47° 5. and 66° N., extending from south-east to 
north-west in the more western part of the Pacific, which 
is the richest in volcanoes, 

If, in looking in o similarly general manner at the 
great ses-gulf which we are accustomed to call the 
Pacific Ooean, we consider it to be bounded on the north 
by the parallel of Bering Strait, and on the south by 
the parallel of New Zealand which is also that of South 
Chili and North Patagonia, we find,—and it is a result 
very deserving of notice,—that within this basin, and 
on the American and Asiatic shores which surround it, 
there are 198, or nearly seven eighths of the whole 
number of active volcanoes (225) on the surface of the 
globe. ‘The volcanoes nearest to the poles are,—a0o- 
cording to our present geographical knowledge,—in the 
northern hemisphere, the voleano of Esk, on the little 
island of Jan Mayen, in 71° 1’ lat., and 7° 29’ W. long., 
and, in the southern hemisphere, Mount Erebus, which 
sends forth reddish flames visible even in daylight, and 
which in 1841 was discovered by Sir James Ross in his 
great antarctic voyage (*), and found by him to be 
12,400 feet high, or about 240 feet highor than the 
Peak of Teneriffe, in 77° 33’ lat. and 167° E. longitude 
from Greenwich. 

‘The great comparntive frequency of volcanoes on islands 
and on the coasts of continents, could not but early lead 
geologists to inquire into the causes of this phanomenon. 

2 





412 REACTION OF THE INTERIOR OF THE EARTH 


T have already referred, in an earlier volume (Kosmos, 
Bd. i. S. 454, Engl. ed. vol. i. note 234), to the om 
plicated theory of Trogus Pompeius, under Auguste, 
according to which the salt. water of the sen is suppre! 
to stimulate the voleanic fire. Different chemical and 
mechanical causes of the influence of the neighbourhoal 
of the sea have been adduced up to the most recent times: 
The ancient hypothesis of the penetration of sea-water 
to the volcanic hearth seemed to have acquired a mere 
solid foundation at the epoch of Davy’s discovery of the 
metallic bases of the earths; but the great disooneret 
himself soon gave up that hypothesis, to which even Gay- 
Lussac had been inclined (*) notwithstanding the rarity 
or entire absence of hydrogen gns. Mechanical, or rather 
dynamical causes, whether they should be looked for 
the folding of the earth’s outer crust and the uphewrl 
of continents, or in the locally lesser thickness of that 
crust, would seem, according to my ideas, to presenta 
greater degree of probability. We may readily repr 
sent to ourselves the probability that, at the margins of 
the upheaving continents, whose coasts now rise with 
‘more or Jess abruptness above the waters of the ea, 
simultaneously occasioned subsidence of the ocean-bed 
might cause the formation of fissures tending to pre 
mote communication with the molten interior. Tn the 
inland parts of elevated continents, at’a distance from 
the oceanie areas of subsidence, there would not be the 
same occasion of fracture. Volcanoes follow the ovas+ 
lines in single, sometimes in double, and eyen triple 
ranges. Short cross ridges, elevated over cross fiseurés, 
connect these ranges, forming mountain-knota, Pre 
quently, but by no means invariably, it is the outer 
range, nearest to the sea-shore, which is the mot 
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active, while the more inland ones are extinct or 
appear approaching extinction. Sometimes persons 
have thought that they could recognise within one 
and the same range of volcanoes, an increase or de+ 
creass of eruptive activity in » definite direction, but 
the phenomena which are sometimes seen of a re~ 
awakening after long periods of tranquillity render any 
auch recognition very insecure. 

‘As, owing either to the absence or disregard of well- 
amured determinations of position, both of the voleanoes 
themselves and of the nearest points on the sea-shore, 
there have been many inexact statements respecting the 
distance of phenomena of volcanic activity from the 
wn, I give here the following statements in geographical 
miles (sixty to an equatorial degree), In the Cordil- 
leras of Quito, Sangay, with its unintermitting activity, 
is on the easternmost and most distant range, but yet it 
is only 112 geograplilcal miles from the sea. Very well 
educated monks of the missions to the Andnquies 
Todians ou the Alto Putumayo have assured me, that 
on the Upper Rio de ln Fragua a tributary of the 
Caqueta enst of the Coja, they have seen smoke issue 
(™) from a not very high conical mountain, of which 
the estimated distance from the sea was 160 miles, The 
Mexican volcano of Jorullo, upheayed in September 
1759, is eighty-four miles from the nearest point of the 
#ea-const (Kosmos, Bd. iv, S. 339—346, present volume, 
pp- 294—302); the volcano of Popocatepetl is 132 
miles from the sea; an extinct volcano in the eastern 
cordillera of Bolivia, near S. Pedro de Cacha, in the 
valley of Yucay (present volume, p. 277), is above 180 
miles; the yolcanves of the Siebengebinge near Bonn, 


ra 
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and of the Kifel (Kosmos, Bd. iv. S. 275—282, pre 
gent volume, pp. 229—236) from 132 to 152 miles; 
those of Auvergne, the Velay, and the Vivarais(), 
according to a division into three distinct groups (group 
of the Puy de Dime near Clermont and the Mont- 
Dore; group of the Cantal; and group of the Puy 
and Mezenc), are respectively 148, 116, and 84 miles 
from the nearest sea, South of the Pyrenees, tho ex 
tinct volcanoes of Olot, to the west of Gerona, with 
their very distinct, sometimes divided, lava-streams, are 
only twenty-eight miles from the Catalonian coast of 
the Mediterranean; on the other hand, the andoubted, 
and, according to all appearance only very recently ex- 
tinguished, volcanoes in the long chain of the Rocky 
Mountains in North-west America are from 600 to 680 
miles from the coast of the Pacific, 

A very abnormal phenomenon in the geographical 
distribution of volcanoes is the existence of some which 
have been active within historic times, and some of 
which may perhaps be even still burning, in the chain 
of the Thian-schan (the Celestial Mountains) in Central 
Asia, between the two parallel chains of the Altai and 
the Kuen-lun. Their existence was first made known 
in Europe by Abel Rémusat and Klaproth ; and by the 
aid of the sagacious and laborious sinological investign- 
tions of Stanislas Julien, I have been enabled to treat 
of them more fully in my Asie Centrale (**) The 
distances of the volcano Pe-schan (Mont Blanc) with 
its lava-streama, and the still burning Mount (Ho-techea) 
of Turfan, from the shores of the Polar Sea and of the 
Indian Ocean, are almost equal; being about 1480 and 
1520 miles. On the other hand, the volcano of Pe 
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\aehan (whose lava-yielding eruptions, from the year 89 
‘to the commencement of the seventh century, have 
‘boon severally recorded in Chinese works) is only 172 
P cal miles from the great Alpine Lake Issikul, 
d on the south side of the Temurtutagh (a western 

of the Thian-schan), and 208 miles from Lake 

ch which is 148 miles long.(“) The great Dsai- 


e Deungary) is 360 miles from the voleanoes of 

‘the Thinn-echan. There is, therefore, no deficiency of 

| inland waters, although, indeed, not in such near prox- 

imity ns that of the still active volcano of Demavend 
| (in Persian Mazanderan) to the Caspian Sea, 


Tf wo admit that masses of water, oceanic or in- 

| land, sre not requisite for the maintenance of volcanic 
activity, and that, as I am inclined to believe, islands 
and coasts are richer in volcanoes only because the 

| upheaval effected by internal elastic forees is accom- 
panied by adjacent depression in the bed of the sea (*), 

| —no that an area of elevation borders on an area of sub- 
sidence, and at the limit between these areas great and 
profound clefts and fissures are occasioned, —then we 
‘may conjecture that, in the zone of Central Asia which 
in included between the parallels of 41° and 48° N., the 
great Aralo-Caspian basin of depression, as well as the 

| considerable number of lakes (some arranged in chains 
and others not so arranged), may have occasioned, between 
the Thian-schan and the Altai Kurtechum, the existence 
of phanomena similar to those which elsewhere are found 
in proximity to the een-const. We know by tradition that 
many comparatively emall pieces of water which now 
form chains of lakes (like beads on a necklace, lacs & 


v4 
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chapelet) were once part of a single lange basin. We 
ones, by reason of the existing disproportion betwee 
the amount of water falling in the shape of min @ 
snow and the amount withdrawn by evaporation, As 
observer well scquainted with the Kinghis ste, 
General Genz in Orenburg, thought that there oat 
existed a water-communication between the Sea of Anil 
the Aksakal, Sary-Kupa, and Tschagli, We ean m™ 
cognise a great furrow, running from south-wedt i 
north-east, traceable beyond Omsk between the Irtyic 
and the Obi, through the steppe of Barabinski with 
its numerous lakes, towards the moory plains of the 
Samoieds, Beresow, and the shore of the Tey Se 
We may perhaps connect with this furrow the old aed 
widely prevalent tradition of » “Bitter Sea” (alt 
called the “Dried-up Sea,” Hanhal), which extended 
eastward and southward from Hami, and in whic ® 
part of Gobi, of which the salt and reedy centre bat 
been recently found by the exact barometric measure 
ments of Dr, von Bunge to be only 2558 feet above the 
level of the sea, rose as an island.(*) Seals, quilt 
similar to those which inhabit the Caspian and the 
Baikal in troops, are found (and this is a 

which has not yet received the attention it deserves) i 
the little fresh-water lake of Oron, 

400 geographical miles east of Lake Baikal, ‘The lakt 
of Oron, which is only some miles in cireumference, it 
connected with the river Witim, a | 

Lena, in which no seals live,(") ‘The present isolated 
position of these animals, their distance 

of the Volga (fully 3600 geographical miles), is a Yay 
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Tn inquiries respecting the geographical distributin 
of volcanoes, and their greater frequency on islands and 
coasts (i.¢ margins of elevation of continents), the 
probable great inequality of the already attained thick 
ness of the earth's crust bas also been brought ist 
discussion, One is inclined to assame the surface of 
the interior molten mass to be nearer the pointe where 
volcanoes have broken forth, But inasmuch st 
can imagine many intermediate degrees of consistesy 
in the solidifying materials, it is difficult to form 
any clear conception of euch a supposed surhice 
the molten mass, if we are to look for the priscipal 
cause of all overthrowals, fissurings, elevations, ant 
basin-shaped subsidences, in an alteration of capacity it 
the external already solidified shell. If it were admis 
ble to determine the so-called thickness of the sit 
crust of the globe (*) from the data we have obtaise 
in Artesian wells and the temperature of fusion ¢ 


granite, by an arithmetical series, 1 4 bay 


of the polar epee but the effects of 
pressure and of conduction of heat in different kinds of 
rock give us reason to suppose that the increment of 
heat in descending will become less rapid as the depth 
increases, 

Notwithstanding the very small number of points # 
which the molten interior of our planet is at the presint 
time in active communication with the atmosphere, it # 
yet a question not without importance if we ask, what 
isthe kind and the measure of influence exercised iy 
volcanic gaseous exhalations on the chemical oomip> 
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sition of the air, and through its medium upon the 
| development of organic life upon the Earth's surface? 
| We must first bring under consideration, in reference to 
this question, the circumstance that gases are exhaled 
Jess from summit-craters themselves, than from small 
of eruption and from the fumaroles which over 

| ride spaces surround so many volcanoes; and that even 
_ entire districts, in Iceland, in the Caucasna, in the 
highlands of Armenia, in Java, the Galapagos, the 
_ Sandwich Islands, and New Zealand, manifest uninter- 
 tupted activity through solfataras, naphtha-springs, and 
salses, Volcanic districts which are now reckoned as 
‘extinct are also to be regarded as sources of gas, and it 
is probable that the silent operation of subterranean 
decomposing and formative forces taking place in them 
in, in respect to quantity, more productive than the 
grander but more rare phmnomens of volcanic eruptions; 
| although, in regard to these also, it is to be remembered 
that the “fields of lava” continue for years to send 
_ forth visible and invisible vapours. If it should be 
_ thought that the effects of these small chemical pro- 
cesics may be disregarded, because the enormous volume 
of the atmosphere, incessantly impelled to and fro by 
currents, can be #0 little altered by the addition to its 
primitive mixture of such minute fractions appearing 
severally so unimportant ("*), we should remember the 
powerful influence exercised, according to the fine inves- 
tigations of Percival, Saussure, Boussingault, and Liebig, 
by three or four ten-thousandth parts of carbonic acid 
ga in our atmosphere upon the existence of vegetable 
organic life, According to Bunsen’s fine investigations 
on the voloanic gases, some fumaroles, in different stages 


T6 
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of activity, and under different local circumstance, 
give out (for example, at Hecla) 0°81 to 0-83 of nitrogen, 
and in the lava-streams of that mountain 0°78, with enly 
traces (0°01 to 0:02) of carbonic acid gas; other fumaroley 
in Iceland, as near Krisuvik, give 0°86 to 0°87 of cr 
bonic acid, with scarcely so much as 0-01 of nitrogen.(") 
In the same manner the important investigations iat 
the emanations of gas in Southern Italy and in Sicily, by 
Charles St. Claire Deville and Bornemann, show great 
amount of nitrogen (0-98) in the exhalations from # 
cleft deep within the crater of Vuleano, but they ala 
show sulphuric acid vapours with a mixture of 747 
parts of nitrogen and 18-5 oxygen; not differing much, 
therefore, from the constitution of atmospheric ale 
‘The gas which rises in the fountain of Acqua Santa(™) 
near Catania is on the other hand pure nitrogen, as wal 

ime of my American journey the gas of tht 

ancitos de Turbaco, (*™) 

Are we to suppose that the lange quantity of nitroyea 
which is @iffused by volcanic activity is solely tht 
which is brought to the volcanoes by meteoric water? 
or are ther in the interior deeply situated sources of 
nitrogen? It is also to be remembered that the air oe 
tained in rain-water, instead of 0°79, as our common aly, 
has, according to my experiments, only 0°69 of nitroges. 
The latter is a source of enhanced fertility by the fur 
‘mation of ammonia through the operation of eledtrie 
explosions, which are of almost daily oceurrence within 
the tropics.() The influence of nitrogen on vege 
tion is similar to that of the substratum of atmospheric 
carbonic acid. 

Boussingault, in his analysis of gases from volesnits 
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near the equator (Tolima, Puracé, Pasto, Tuqueres, and 
Cambal), found, together with much aqueous vapour, 
earbonic acid and sulphuretted hydrogen, but no mu- 
riatie acid, no nitrogen, and no free hydrogen. (*°) The 
influence which the interior of our planet still exercises 
on the chemical composition of the atmosphere, by 
withdrawing these substances to return them again 
under other forms, is no doubt a very inconsiderable 
part of the chemical revolutions which, in primeval 
times, the atmosphere must haye undergone at the 
breaking forth of great mountain masses from open fis- 
sures. The conjectures which have been formed respect- 
ing the probably very large portion of carbonic acid gas 
in the ancient atmosphere, have been strengthened by 
the comparison of the thickness of coal deposits with 
the very thin carboniferous stratum (only seven lines in 
thickness), which, in the temperate zone, according to 
Chevandier's calculations, our thickest forests would 
mupply to the ground in 100 years. (**) 

Tn the infancy of geology, prior to Dolomien’s sagn- 
cious conjectures, the source of volcanic activity was 
not placed bengath the oldest rocks, which were then 
universally held to be granite and gneiss. Resting on 
some feeble analogies of inflammability, it was long 
believed that the source of volcanic eruptions, and of 
the emanations of gas occasioned by them, and lasting 
for many centuries, was to be sought for in the combus- 
tible materials contained in the newer upper silurian 
sedimentary. strata, More general knowledge of the 
earth's surface, more profound and better directed geo- 
logical researches, and the beneficial influence which 
the great advances of modern chemistry have exercised 
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on geology, have taught us that the three great groups 
of voleanic or eruptive rocks (trachytes, phonolites, and 
basalts), which, regarded in great masses, are different 
from each other in age, and most often occur very 
widely apart, are, however, all three more recent in 
their appearance than the plutonic granites, diorites, 
and quartzose porphyries, and than all silurian, second- 
ary, tertiary, and quartary (pleistocone) formations; and 
that they even often intersect loose beds of diluvial 
gravel and ossiferous breccias, Rozet has made thé 
important remark, that a striking multiplicity(™) o& 
such intersections are found congregated together within 
a small space in Auvergne; for if the great trachytie 
mountain masses of the Cantal, Mont Dore, and Puy de 
Déme break through granite itself, and sometimes (a 
between Vic and Aurillac, and at the Giou de Mames) 
enclose large fragments of gneiss(**) and limestone, yet 
we also see trachyte and basalt intersect as dikes, gneiss, 
carboniferous rocks, tertiary and diluyial strata, Basalis 
and phonolites, which are nearly allied to each other (a 
is shown by the Bohemian Mittelgebirge and Auvergne) 
are both later formations than the trachytes, which are 
often intersected by dikes of basalt.() Phonolites art 
older than basalts, in which they have never been found 
forming dikes, whereas dikes of basalt often ‘traverse 
porphyritic schists (phonolites). In the Andes of Quite 
I found the basalts locally separated from the prevailing 
trachytes, occurring almost alone at the Rio Tae 
in the valley of Guaillabamba. (*) 

As in the volcanic high plain of -Qpito ianenpbeel 
covered over by trachytes, trachyte conglomerates, and 
tufa, my most earnest endeavours were bent to disoover 
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some point at which it might be clearly seen what was 
the older rock upon which the mighty cones and bell- 
shaped mountains rose, or, more properly speaking, 
through which they had broken forth. I was so fortu- 
ute ns to find such a point, at a height of 9483 foet 
above the Pacific, in the month of June 1802, when 
attempting, from Riobamba Nuevo, the ascent of Tun- 
gurahua, on the side of the Chuchilla de Guandisava. T 
was proceeding from the pleasantly situated village of 
Penipe, by the oscillating rope-bridge (puente de ma- 
ron) over the Rio Puels, to the solitary Hacienda de 
Guansce (7929 fect), where, on the south-east, opposite 
to the junetion of the Rio Blanco with the Rio Chambo, 
“magnificent colonnade of black, pitchy-looking trachyte 
rises to view. The appearance recalls that of the ba- 
miltic quarry at Unkel seen from o distance. On the 
‘Chimborazo, rather above the little lake of Yana Cocha, 
Taw a similar, loftier, but less regular columnar group 
of trachyte. The columns to the south-east of Penipe 
are, for the most part, five-sided, only 15 inches in 
@iamoter, and often bent and diverging, At the foot of 
these pitch-black Penipe trachytes (not far from the 
mouth of the Rio Blanco), one sees a phenomenon very 
unlooked for in this part of the Cordilleras, viz, green- 
ish-white mica-sdlate, with interspersed garnets; and, 
farther on (beyond the shallow little stream of Basca- 
guan, by the Hacienda of Guansce, near the bank of 
‘the Rio Puela), probably dipping under the mica-alate, 
granite of a middling-sized grain, with bright reddish 
felspar, a little blackish-green mica, and much grayish- 
white quartz, Hornblende is wanting. It is not syenite. 
‘Whe trachytes of the volcano of Tungurahua, which in 
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their mineralogical constitution are like those of Chim- 
borazo, %.¢. consist of a mixture of oligoclase and 
augite, have thus here broken through granite asd 
mica-slate. Farther to the south, a little to the eat 
of the route from Riobamba Nuevo to Guamote and 
Ticsan, what were formerly called the primitive rotks 
mica-slate and gneiss, come everywhere into view in 
the Cordillera, which has here turned away from the ses, 
appearing about the foot of the colossal Altar de lor 
Collanes, of Cuvillan, and of the Paramo del Hatille 
Before the arrival of the Spaniards, and even before the 
sovereignty of the Incas extended so far to the north, 
the natives are supposed to have worked some metal 
liferous beds near the volcano, A little to the south of 
San Luis, many dikes of quartz may be observed tre 
versing a greenish clay-slate. Near Guamote, at the 
entrance of the grassy plain of Tiocara, we find great | 
masses of quartzite, very poor in mica, of remarkably 
linear parallel structure, inclining regularly 70° to the 
north. More to the south, near Ticsan, not far from 
Alausi, the Cerro Cuello de Ticsan presents great mast 
of sulphur in a bed of quartz, subordinate to the adje 
cent mica-slate. Such an extensive distribution of 
quartz in the vicinity of trachytic yoleanoes at fint 
sight excites some surprise. But my observations of 
the superposition, or rather, of the breaking forth & 
trachyte through mica-slate and granite at the foot of 
Tungarahua (a phenomenon which is as rare in the 
Cordilleras ss it is frequent in Auvergne), have been 
confirmed, 47 years later, by the excellent researches of 
the French geologist, Sebastian Wisse, at Sangay, Thit 
colossal voleano, 1343 feet higher than Mont Blane, 
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having no lava-streams (Charles Deville considers the 
equally active voleano of Stromboli to be similarly with- 
out such), but which, at least since the year 1728, has 
heen in constant activity, erupting black and often 
brightly-glowing rocks and stones, forms an island of 
trachyte, of scarcely #0 much as 8 miles diameter (*), 
in the midst of granite and gneiss. Very different rela- 
tions of position are. presented, as I have already re- 
marked, in the volcanic district of the Eifel, in the Manrs 
(mine-fonnels) sunk in the Devonian schists, as well as 
in the lava-yielding volcanic frameworks of the long 
ridges of the Mosenberg and Gerolstein. The surface 
does not hore betray what is concealed within. The 
absence of trachyte, in volcanoes which were so active 
many thousand years ago, is a still more striking phe- 
nomenon. The augite-containing scoriw of the Mosen- 
berg, which in part accompany the basaltic lava-stream, 
have embedded in them small burnt pieces of schist, 
not fragments of trachyte; there are no trachytes in 
the vicinity. This last-named rock ia only visible in 
the Eifel district (""), quite apart and at a distance 
from Maars and lava-yielding volcanoes, as in the Sell- 
berg, near Quiddelbach, and in the ridge of Reimerath. 
The variety of formations broken through by volcanoes, 
in rising through the upper crust of the earth, are 
geologically no less important than are the substances 
which they produce. 

Tn the most distant parts of the earth the forms of 
the rocky frameworks through which the volcanic acti- 
vity manifests itself, or has striven to do s0, have 
been far more carefully examined and represented in 
their often very complicated diversity, than was the 
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case in the last century, when the whole morphology of 
volcanoes was limited to cones and domes or bell-shaped 
mountains, We are now most satisfactorily acquainted 
with the structure, hypsometry, and arrangement (with 
what the ingenious Carl Friedrich Naumann calls the 
“ geotektonik")(**) of many volcanoes, while we are 
still in great uncertainty respecting the composition of 
their rocks, and respecting the association of mineral 
species which characterise their trachytes, and can be 
recognised apart from the ground mas Both these 
kinds of knowledge, however,—the  morphologi- 
eal” for the rocky frameworks, and the “ oryctognos- 
tical” for their composition,—are alike necessary for 
forming a complete judgment in respect to voleanic acti- 
vity; indeed, the latter kind, based on crystallisation 
and chemical analysis, may be regarded as the more 
geologically important of the two, on account of the 
connection with plutonic rocks (quartzose-porphyry, 
greenstone, and serpentine). All the little which we 
suppose we know of what we call volcanic character in 
the moon is, from the nature of the case, restricted 
solely to form. (°°) 

If, a8 I hope, any interest attaches to what D have 
here said respecting the classification of voleanie rocks, 
or rather respecting the division of trachytes according 
to their composition, the merit of the grouping belongs 
entirely to my friend and Siberian travelling compa- 
nion, Gustav Rose. By his own observations in the 
open field over extensive regions, and by a happy com- 
Dination of knowledge in chemistry, crystallographic 
mineralogy, and geology, he has been peculiarly well 
qualified for promulgating new views respecting the 
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minerals, whose varied, yet often repeated association is 
the result of voleanic activity. He has, partly out of 
kindness to myself, and at my solicitation, particularly 
since 1834, repeatedly examined the specimens which I 
brouglit back with me from the voleanoes of New Gra- 
nada, Los Pastos, Quito, and the high land of Mexico, 
snd has compared them with those brought from other 
parts of the world, which are contained in the rich 
mineralogical collection of Bertin. Leopold von Buch, 
when he was in Paris, in 1810—1811, between hiw re- 
turn from Norway and his departure for Teneriffe, at a 
time when my collections had not been separated from 
those of my companion, Aimé Bonpland, had examined 
them microscopically with persevering diligence. He 
had also previously, while with Gay-Lusme in Rome, in 
the summer of 1805, and afterwards in France, taken 
into consideration what I had written down at the time 
and on the spot, in my travelling journal, both respect- 
ing particular volcanoes and in general (in July 1802) 
“Sur Vaffinité entre les volcans et certains porphyres 
dépourvus de quartz."() I preserve, as a valued me- 
tnorial, some pages with remarks on the volcanic pro- 
duets of Quito and Mexico, which that great geologist 
wrote for my information more than 46 yeara ago. 
Since, as I have elsewhere explained more circumstan- 
tially(™), travellers can but carry forward the incom- 
plote knowledge of their own time, and their observations 
are liable to be deficient in many of the guiding idear 
and of the distinguishing marks which are the frnits of 
progressive knowledge, a time may arrive when the 
materials they have collected and arranged geographi- 
cally will almost alone retain a value, 





428 REACTION OF THR INTERION OF THE EARTH 


Tf, as has often been done, it is desired to restrict the 
name of trachyte (for the eke of conformity with its 
earliest application to the rocks of Auvergne and of the 
Siebengebirge near Bonn,) by applying it exclusively to 
a volcanic rock containing felspar (particularly Weme' 
glassy felspar nnd Rose's and Abich’s sanidine), the 
result is unfruitfully to rend asunder those intimate 
links between different volcanic rocks which condod 
to higher geological views, Such a restriction might 
justify the expression, “ that Etna, rich in Jabradorite, 
has no trachyte; and, according to it, my own colle 
tions would be held to prove that “none of the almet 
countless volcanoes of the Andes consist of trachyts, 
and even that the mass of which they are compos! 
should be called Albite, and, therefore, inasmuch as a 
that time (1835) all oligoclase was erroneously supposed 
to be albite, that all volcanic rocks would have to & 
designated by the general name of Andesite (consisting 
of albite with little hornblende)."() The impressioat 
which I brought back from my travels of that whiel, 
notwithstanding diversity of mineralogical compositiot, 
all volcanoes possess in common, haye been confirmed 
by Gustav Rose, who, in accordance with the views anl 
evidence unfolded in his fine memoir on the folspathie 
group (*), has, in his classification of trachytea, reganied 
orthoclase, sanidine, the anorthite of the Somma, albite, 
labradorite, and oligoclase, in a general point of view, 
as the felspathic portion of volcanic rocks, 

Short denominations, purporting to contain defini- 
tions, often tend in various ways, in the study of rockt 
as well as in chemistry, to produce obscurity and not 
unfrequently confusion, I was myself for some time 
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inclined to use the expressions orthoclase-trachytes, 
Inbrador-trachytes, oligoclase-trachytes, and thus to 
fnelude glassy felspar (sanidine), on account of its che- 
inieal composition, in the genus orthoclase (common 
\ felspar). The names were well-sounding and simple; 
| ‘but their simplicity was itself misleading; for, if the 
| term labrador-trachyte would correctly lead us to Etna 
and Stromboli, that of oligoclase-trachyte, in its im- 
| portant twofold connection with augite and hornblende, 
would falsely connect together the widely distributed, 
very different formations of Chimborazo and the volcano 
of Toluca. It is the association of a felspathic clement 
with one or two others, which here, as in the case of 
certain dike formations, presents itself as the charac- 
teristic indication. 

‘The following classification of trachytes, distinguished 
according to the crystals which are found enclosed in 
them, has been made by Gustay Rose since the winter 
of 1852. The principal results of this work, in which 
oligoclase is never confounded with albite, were attained 
‘by him 10 years before, when, in his geological examina- 
tions in the Riesengebirge, he found that oligoclase was 
there an essential ingredient in the granite; and his 
attention being thus directed to the importance of oligo- 
clase as an essential constituent, he sought for it also in 
other rocks.("*) This examination conducted him to 
the important result that albite is never a constituent of 
® particular kind of rock. (Pogyend. Ann. Bd. Ixvi, 
1845, S. 109.) 

First Division. —“The ground-mass contains only 
crystals of glassy felspar; these are in the form of 
tablets, and are usually large. Hornblende and mica 
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are either entirely absent, or, at the utmost, occur only 
sparingly, and are wholly anessential ingredienta Te 
this division belong the trachytes of the Phlogram 
Fields (Monte Olibano, near Pozzuoli), of Ischia, and dl 
La Tolfa, and also of a portion of the Mont Dore 
(Grande Cascade). Augite shows itself in small ery 
tals in trachytes of the Mont Dore, but only rey 
rarely (™); in the Phlegnean fields, with hornblende, 
not at all; nor does leucite, of which, however, sxe 
pieces were collected by Hoffmann above the Lag 
Averno (on the road to Cumm), and some by myself 
the declivity of the Monte Nuovo(™*), in the autumn of 
1822, Leucite-ophyr, in loose pieces, is more plentifal 
in the island of Procida and the neighbouring Seoglin 
di S. Martino.” 

Second Division. —*The ground-mass contains de 
tached crystals of glassy felspar and a quantity of small 
snow-white crystals of oligoclase, ‘The latter are offen 
intermingled with the glassy felspar, and form a yal 
round the felspar, as is often the case in Gustay Rost 
“granitite’ (the rock which forms the main mas of 
the Riesen- and Iser-gebirge, granite, with red felspar, 
particularly rich in oligoclase and magnesia-mica; but 
without any white potassa mica) Hornblende and 
mica, and, in some varieties, augite, sometimes preset 
themselves in small quantities, To this class belong 
the trachytes of the Drachenfels and Perlenharde in the 
Siebengebirge near Bonn(*"), and many varieties of the 
rocks of Mont Dore and Cantal: also several traclytes 
in Asin Minor (of which we owe the knowledge to 
Pierre von Tschichatacheff), at Afium Karahiasar (ole 
brated for the culture of the poppy), Mehammed Kjoe 
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in Phrygia, and Kajadschyk and Donanlar in Mysia, in 
which glassy felspar, much oli; some hornblende, 
and brown mica are intermixed.” 

hivd Division—*The ground-mass of this dioritic 
trachyte contains many small crystals of oligoclase with 
Black hornblende and brown magnesia-tnica. To this 
division belong the trachytes of Agina(®), of the 
Kozelnik valley near Schemnitz(”), of Nagyag in 
‘Transylvania, of Montabaur in the Duchy of Nassau, of 
Stenzelbeng and of the Wolkenburg in the Siebengebirge 
near Bonn, of Puy de Chaumont near Clermont in 
Anyergne, and of Liorant in the Cantal; Kasbegk in 
the Caucasus, the Mexican volcanoes of Toluca () and 
Orizaba, the volcano of Puracé, and, although it is 
very uncertain whether these latter are trachytes, the 
magnificent columns of Pisoje(®') near Popayan. Von 
Buch’s ‘domites’ also belong to this division. In the 
white fine-grained ground-mass of the trachytes of the 
Puy de Dime there are glassy crystals which have 
always been taken for felspar, but which are most dis- 
tinctly streaked in the plane of cleavage, and are really 
oligoclase; hornblende and some mica are found with 
them. According to the volcanic specimens for which 
the royal collection is indebted to Herr Méllhausen, the 
draftsman and topographer of Lieutenant Whipple's 
exploring expedition, we should also regard, as belonging 
to this third division, or to the dioritic Toluca trachytes, 
those of Mount Taylor, between Santa Fé del Nuevo 
Mexioo and Albuquerque, as well as those of Cieneguilla 
on the western slope of the Rocky Mountains, where, 
according to the fine observations of Jules Marcou, 
lack laya-streams are seen to have flowed over the 
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Jurassic formation.” The same mixtures of oligochse 
and hornblende which I haye seen in the Aztec high- 
lands (in Anahuac properly 60 called), but not inthe 
Cordilleras of South America, are also found far to the 
westward of the Rocky Mountains and of Zofii, new 
the Mohave River, a tributary of the Rio Colorado, (See 
Marcou, “ Résumé of a Geological Reconnaissance from 
the Arkansas to California, July 1854,” pp. 46—48; and 
also two important French Memoirs entitled, “ Résumé 
explicatif d'une Carte Géologique des Etats-Unis, 1855) 
pp. 118 and 116, and “ Esquisse d’ane Classification det 
Chaines de Montagnes de ‘Amérique du Nord, 18555" 
“Sierra de San Francisco et Mount Taylor,” p, 24) 
Among specimens from Java, which I owe to the kind- 
ness of Dr. Junghuhn, we have also recognised trachyter 
belonging to the “third division,” from three yolennie 
districta; those of Burung-agung, Tjinas, and Gunusg 
Parang (in Batugangi). 

Fourth Division.—*The ground-mass contains augite 
with oligoclase. To this division belong the Peak of 
Teneriffe (), the Mexican volcanoes Popocatepetl (™), 
and Colima; the South-American voleanoes Tolima: 
(with the Paramo de Ruiz), Puracé near Popayan, Paste 
and Cumbal (according to the fragments collected by 
Boussingault), Rucu-Pichincha, Antisana, Cae 
Chimborazo(”*), Tungurahua, and the 
which are covered with the ruins of old Riobambac Ja 
Tungurahua we also find, with the augites, some blackish: 
green uralite crystals, from half a line to five lines long 
(from about one twentieth of an inch to half an inch) 
with perfect augite-shape and the planes of cleavage of 
hornblende. (See Rose, Reise nach dem Ural, Ba. it 
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$353.) I brought such a piece with distinct uralite 
teystals back with me from a height of 13,300 feet on 
the side of Tunguragua. In Gustav Rose's opinion, it 
is strikingly different from the seven trachyte fragments 
from the same volcano which are in my collection, and 

reminds him of the formation of schistose augitic por- 
plyry which we found #0 extensively on the Asiatic 
ope of the Ural. (See the last-quoted work, Bd. ii, 
8.544.) 

Fifth Division, —“A mixture of labradorite (*) and 
augite(%); » doleritic trachyte. Etna, Stromboli, and, 
according to the excellent examination of the trachytes 
of the Antilles by Charles Sainte-Claire Deville, the 

 Sonfrire de la Guadeloupe, and on Bourbon the three 
_ great * Cirques’ which surround the Pic de Salazu.” 

Sixth Division. —An often-grey ‘ ground-mass,’ in 
which there are crystals of leucite and augite with yery 
little olivine: Vesuvius and Somma; also the extinct 
voleanoes of Vulturo, Rocca Monfina, the Alban Hills 
and Borghetto. In the older masses, (for example in 
the masonry and pavement of Pompeii,) the leucite 

} trystals are of considerable size and more abundant 
than the angite. On the other hand in the present 
lavas the augites prevail, and generally speaking leucites 
are very rare. Nevertheless the stream of lava of April 
22, 1845, furnished them in large quantities, (7) Frag- 

ments of trachytes belonging to the first division, 

_ containing glassy felspar (Leopold von Buch’s ‘trachytes 
proper’), are found imbedded in the tufas of Monte 

| Somma; and also singly beneath the layer of pumice 

‘which covers Pompeii. The leucite-ophyr trachytes of 

this sixth division are to be carefully distinguished from 
‘FOL. TV. w 
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the trachytes of the first division, although, as has been 
already netined, leucites also occur in the westernmest 
pacts of the Phlegrean Fields and on the island d 
Precida” 

‘The ingenieas author of the classification of yolanos 
which bas been here introduced, in which ‘they ee 


tals, as well a5 an augmentation of our list of tracbyle 
Seemations, are to be expected in two ways: by the pre 


the knowledge of the governing laws has to. be attainal 
through a widely comprehensive comparison of partic 
lars, we must proceed from the fundamental pris 
that all that we think we know in the present state of tie 
sciences is but a poor instalment of that which the set 
century will-present. A variety of means are now 
hand for accelerating the acquisition of such 
iow; bt thes oll goa 
the application of thoroughly exhausting methods af 
examination, in A 
made of the trachytic portion of the upheaved, sunkes, 

or fissure-opened surface of the part of the earth whic! 
is not covered by the ocean, 
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“Volcanoes which are very near to each other, and 

ich are similar in form, construction of framework, 

ud “geotechtonic™ relations, have often a very different 

individual character in the composition and association 

of their mineral aggregates, On the great cross fissure 

fhich, running almost due east and west from sea to 

intersects a south-east and north-west mountain 

| (or more truly an uninterrupted mountainous 

: fy—the volcanoes are arranged in succession 

+ Colima (13,003 feet), Jorullo (4265 feet), Toluca 

[5,168 feet), Popocatepet] (17,726 feet), and Orizaba 

7,374 feet). The voleanoes which stand next to 

ch other are dissimilar in characteristic composition ; 

he truchytes of the alternate ones are similar. Colima 

d Popocatepetl consist of oligoclase with augite (there- 

have the Chimborazo or Teneriffe trachyte); Toluca 

d Orizaba consist of oligoclise with hornblende (there- 

‘have the Agina and Kozelnik rock). ‘The late 

wed voleano of Jorullo, which can scarcely be 

garded as more than a great “hill of eruption,” 

lpoialsta almost solély of basaltic and pitchy, mostly 

‘weoriaceous lavas, and seems to be nearer to the Toluea 
‘than to the Colima trachyte. 

In these considerations on the diversity of minera- 

logical constitution between neighbouring volcanoes, 

‘we may at once see a censure of the unfortunate at- 

tempt to introduce, as the name for a kind of trachyte, 

‘a designation taken from a chain of mountains, in great 

\part volcanic, extending over a distance of 7200 geo- 

miles. The name of “ Jura-limestone,” 

which I was the first to introduce (), is not objection~ 

able, becanse it is taken from a simple, unmixed kind 
oe 
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tallic oxides, as given by analysis, and to the spe 

wravity of the apparently amorphous mass which batt 
bo analysed. ‘The desired result is obtained in a mon 
convincing ond certain manner when both the ground 
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mass itself and its contents can be separately examined, 
both oryctognostically and chemically. This is the case, 
for example, in the trachytes of the Peak of Teneriffe, 
and in those of Etna. The assumption that the ground- 
mass consists of the sme minute undistinguishable 
constituents which we recognise in the large crystals, 
sppears by no means solidly established ; for, as we have 
alreaily seen above, in Charles Deville’s ingeniously exe- 
cuted investigations, the apparently amorphous ground- 
would be expected from the felspar and other visible 
ingredients. In leucite-ophyrs, as Gustav Rose remarks, 
s striking contrast shows itself in the specific differences 
of the prevailing alkalies, i.¢ those of the inwoven 
potasss-containing leucites, and of the ground-mass 
which contains almost solely soda. (*") 

But besides these associations of augite with oligo- 
clase, sugite with labradorite, and hornblende with 
oligociase, which have been instanced in the above 
sesumed classification of trachytes, and by which they 
are specially characterised, we find in each volcano 
ether easily recognisable non-essential ingredients, whose 
frequency or constant absence in different but often 

volcanoes is remarkable. It is probable 
that this fact of the frequent occurrence of a particular 
ingredient, or of its having only appeared at widely 
separated intervals of time, has depended on a variety 
of conditions, such as the depth at which the substances 
have originated, temperature, pressure, degree of fluidity, 
and slow or rapid cooling. The specific association or 
skeence of particular ingredients is opposed to certain 
theories; for example, to the supposed origin of pumice 

cs 
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from glassy felspar or from obsidian. These considen- 
tions —which are by no means peculiar to very recett 
times, having been touched upon towards the elie @ 
the 18th century in reference to the comparison of tht 
trachytes of Hungary with those of Teneriffe—engagal 
my earnest attention for several years, a8 appears fritt 
my journals kept in Mexico and among the Anl&t 
Since that period great advances have been made 
lithology, and the less perfect determinations of minen! 
species which I was then able to make have been eithit 
corrected, or established on more sécure foundations 
Gustay Rose's long-continued examination and dice 
sion of my collections. 
Miva, 

Black or dark-green magnesia-mica is very frequel 
in the trachytes of Cotopaxi, at a height of 14,470 fee) 
between Suniguaicu and Quelendaia, as well ns in the 
subterranean pumice-stone quarries of Guapulo it 
Zumbalica, 16 miles from the foot of the yoleanh (™) 
The trachytes of the volcano of Toluca aré also riel & 
magnesia-mica, which is wanting at Chimboram (™) 
Tn our continent, micas have presented themselves & 
abundance: at Vesuvius (for example, in the erupticat 
of 1821—1823, according to Monticelli and Covelli)t 
in the Eifel in the ancient voleanie bombs of it 
Lacher See(**); in the basalt of Meronite, af ti 
marly Kausawer-Berg, and especially of the Gamay 
Kuppe(*) in the Bohemian Mittelgebirges sind, mur 
rarely in phonolite (**), as in the dolerite of the Ka 
serstuhl, near Freiburg, It is a remarkable cia 
stance, that in the trachytes and lavas of both contines™ 
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no white (mostly biaxial) potasss-mica, but only dark- 
coloured (mostly uniaxial) magnesia-mica, appears to 
have been produced; and that this exclusive oceurrence 
of magnesia-mica extends to many other eruptive and 
snd even to granitite; while granite proper contains 
siraultancously white potassa-mica and black or brown 
magnesia-mica. (7) 
Glassy Felspar. 

‘This kind of felspar, which plays so important a part 
in the activity of European volcanoes, in the trachytes 
of the first and second divisions (for example, at Ischin, 
im the Phlegrean Fields, and in the Siebengebirge near 


Bonn), is probably wholly wanting in the New Con- 
tinent in the trachytes of active volcanoes; which is the 
more striking. inasmuch as sunidine (glassy felspar) be- 
longs cmentially to the argentiferous non-quartzose 
Mexican porphyries of Moran, Pachuca, Villalpando, 
and Acaguisotls, of which the first are connected with 
the obsidians of Jacal. (**) 


Hornblends and Augite. 


In the preceding account of the characteristics of the, 
six different divisions of trachytes, it was remarked that 
the sume mineral species which appear as essential ingre- 
dients or constituents in some divisions (as, for example, 
bernblende, in the third division, or Toluca rock), ap- 
pear in other divisions (¢. g. in the fourth and fifth, 
the Pichincha and Etna rocks) only sporadically. I 
liavefound homblende, though not abundantly, in the 
tenchytes of the volcanoes of Cotopaxi, Ruca-Pichincffs, 

vé 
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Tungurahua, and Antisana, by the side of angite’sl 
oligoclsse; but on Chimborazo, up to a height of shor 
19,000 feet, I scarcely found any hornblende at all with 
those two minerals. Of the many specimens browit 
home from Chimborazo, hornblende has only bees 1 
cognised in two, and in those only in small quastity, 
In the eruptions of Vesuvius in 1822 and 1850, sogie 
and hornblende crystals (the latter attaining a léngtht 
between seven and eight tenths of an inch) were formél 
contemporaneously by exhalations of vapours fn f& 
sures.(“*) On Etna, as Sartorius von Waltershaums 
has remarked, hornblende belongs more particulary 
the older lavas, As the remarkable mineral wiih 
Gustav Rose has called uralite, and which is wiley 
diffused in Western Asia and in several parts of Europ, 
is nearly allied by structure and the form of its eryytalt 
to hornblende and augite (*"), I would here motice th 
uralite crystals have been recognised for the first tim 
as belonging to the New Continent, by having bea 
discovered by Rose in a piece of trachyte which 
knocked off on the declivity of Tungurahua, 3200 fe 
below the summit, 


Leucite, 

* Leucites —which in Europe belong exclusively 
Vesuvius, the Rocca Monfina, the Alban Hille net 
Rome, the Kaiserstuh] in the Brelagau, and the Eid 
(on the western side of the Lacher See they are foun! 
in blocks, not in the rock in situ, as on the Bargbem 
near Rieden)— have never been found in the volesit 
mountains of the New Continent and the Asiatic portion 
ofthe old. Leopold von Buch had discovered, so losy 
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_ ayo as 1798, that they often form round a crystal of 

sugite, and had described this in an excellent me- 
_ moir.() ‘The augite crystal around which, according 
to the remark of that great geologist, the leucite forms 

is seldom wanting, but yet appears to be occasionally 

replaced by a little nucleus or morsel of trachyte. The 
unequal degree of fusibility between the kernel and 
\ the surrounding leucite mass opposes some chemical 
_ difficulties to the explanation of the mode of formation 
within the envelope. Leucites, in part detached, ac- 
_ cording to Scacchi, and in part intermixed with the lava, 
_ were extremely abundant in the eruptions of Vesuvius 
_ in 1822, 1828, 1832, 1845, and 1847. 


Olivine. 


Olivine is very frequent in the old lavas of Vesu- 

» vins(), particularly in the leucite-ophyrs of the Somma; 
- in the Arso of Ischia, in the eruption of 1301, mingled 
with glassy felspar, brown mica, green augite, and mag- 
netic iron; in the Eifel voleanoes which have sent forth 
lava-streams (¢.g. in the Mosenberg, west of Mander- 
scheid)(™); and in the south-east part of Teneriffe, 
in the lava-eruption of Guimar in 1704; but I have 
sought for it zealously, but in vain, in the trachytes of 
the voleanoes- of Mexico, New Granada, and Quito, 
Our Berlin collections contain from only four voleanoes, 

_ —Tungurabua, Antisans, Chimborazo, and Pichincha,— 
68 pieces of trachyte, 48 of which were brought home 
by myself, and 20 by Boussingault.(®) In the basaltic 
formations of the New Continent, olivine occurs as fre- 
quently near augite aa in Europe; but the black basalt- 

es 
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like trachytes of Yana-Ureu, near Calpi, at the foot ¢ 
Chimborazo (%), as well as those belonging to what is 
called “la reventazon del volcan de Ansango,”(™) con 
tain no olivine, It was only in the great brownish-black 
lava-stream, with a curled scoriaceous surface and ewull- 
flower-like intumescence, up which we made our way le 
the crater of the volcano of Jorullo, that we found 
small grains of olivine.(°") The very general sarcity 
of this mineral in the more recent lavas and in the 
greater part of the trachytes, becomes less surprising 
when we remember that, however essential olivine may 
appear to be, yet (according to Krag von Nidda and Sax 
torius von Waltershausen) there are in Iceland and ip 
the German Rhéngebirge basalts without olivine, which 
can scarcely be distinguished from the basalts having 
olivine. In earlier times it was usual to call the forme 
“trap” and “ wacke,” and in more recent times, “abe 
masite." (“) Olivines, which are sometimes found a 
large as a man’s head in the basalts of Rentiéres ia 
Auvergne, also attain, in the Unkel quarries, which 
were the subject of my first youthful studies, a diameter 
of more than 6 inches. The fine often-polished hyper 
sthene of Elfdal in Sweden, a granular mixture of 
hypersthene and labradorite, which Berzelins has de 
scribed as syenite, also contains olivine (©), as does (a 
still more rare case) the phonolite of the Pic dy 
Griou (°) in the Cantal, According to Stromieyer, 
olivine is very constantly accompanied by nickel; and 
Rumler has discovered in. it arsenic (#1), a metal which 
has very recently been found to be widely distributed 
in mineral springs and even in sea-water. I baw 
spoken earlier of the occurrence of olivine in meteoric 
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stones (aerolites)(), and in artificial acorise (slags)(%), 
examined by Sefstrém. 
Obsidian. 

So long ago as the spring and summer of 1799, when 
T was preparing in Spain for my voyage to the Canaries, 
the belief of the formation of pumice solely from ob- 
sidiian prevailed generally among the mineralogists of 
Madrid,—Hergen, Don José Clavijo, and others. This 
belief had been based on the study of fine geological 
collections from the Peak of Teneriffe, as well as on the 
comparison with phenomena in Hungary, although the 
Iatter had then been for the most part represented 
according to the interpretation resulting from the Nep- 
tuinian views of the Freiberg school. Doubts as to the 
insufficiency of this theory of the formation of pumice, 
which were very carly awakened in me by my own 
observations in the Canaries, in the Cordilleras of Quito, 
and in the range of the Mexican volcanoes (™), incited 
me to direct my most earnest attention to two groups 
of facts: one being the general diversity of the sub- 
stances enclosed in obsidians and in pumice-stones; 
and the other their frequency of association or entire 
separation in well-examined active volcanic frameworks. 
My journals are filled with data on this subject; and 
my determinations of the species of the minerals form- 
ing part of the rocks have since been assured by the 
recent and varied examinations of my ever kind and 
ready friend Gustav Rose. 

Tn obsidian, as in pumice, glassy felspar is found as 
well ns oligoclase, and often both together. I may 
adduce, as examples, the Mexican obsidians collected by 

v6 
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Geclivity of Jacal; those of Chico with many erystalel 
cain; those of Zimapan, S.S.W. of the city of Mexiet, 
wah distinct, interspersed, small quartz crystals; the 
pamice: of the Rio Mayo (on the mountain-path fim 
Popeysn to Paste), and of the extinct voleano of Soria 
sear Popayan. The subterranean quarries of pumio- 
sone near Lisctagunga(™) contain much mica, olig- 
clase, and (which is very rare in pumice-stones axl 
obsidian) also hornblende; the latter has, however, as 
been seen in the pumice of the volcano of Arequipa 
Common felspar, orthoclase, is never found in pumice 
Somma, but not the cone of Vesuvius itself, contalni 
pumice which encloses earthy masses of carbonate if 
lime. It is by the same remarkable variety of a calee 
reous pumice that Pompeii has been overwhelmed. (™) 
Obsidians are rare in true lava-corrents, having bee 
found almost exclusively in those of the Peak of Tenerife, 
‘Lipari, and Volcano, 

Passing to the association of obsidian and pumice if 
one and the same volcano, we find the following facts: 
Pichincha has large fields of pumice, and no obsidian 
Chimborazo, like Etna — whose trachytes, however, hart 
quite a different composition (they contain Iabeadonit 
instead of oligoclase),—shows neither obsidian nit 
pumice. I also remarked their absence in ascending 
Tungurahun. The voleano of Puracé, near Popayan, has 
much obsidian intermixed in its trachytes, and ns neret 
produced pumice, Large plains, as those from which Ili- 
nissa, Carguairazo, and the “ Altar” rise, are covered with 
pumice, The subterranean pumice quarries near Liacte- 
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gunga, as well as those of Huichapa, south-east of Que- 
retaro; the pumice accumulations at the Rio Mayo (®); 
find. those near Tschegem in the Caucasus ("*); and near 
Tollo () in Chili, at a distance from any active volcanic 
frameworks, all appear to me to belong to the class of 
phenomena of eruptions in the variously fissured flat 
wurface of the earth, Another Chilian volcano, that of 
Antuco(’"), of which Péppig has given a description 
ns scientifically important as it is pleasing in style, 
produces, like Vesuvius, “ ashes,” small triturated rapilli 
(sand), but-no pumice, and no vitrified or obsidian-like 
rock. Without the presence of obsidian or of glassy 
felspar, and with great diversity of composition in the 
trachytes, we see both the production and the non- 
production of pumice. Pumice, as the sagacious Darwin 
has observed, is, moreover, wanting in the entire group 
of the Galapagos. We have already remarked elsewhere 
that in the great volcano of the Sandwich Islands, Mauna 
Léa, as well aa in the volcanoes of the Eifel, which once 
poured forth lava(™'), cones of ashes are wanting, 
Although the island of Java bas a range of more than 
forty volcanoes, of which twenty-three are now: active, 
yet Junghuhn has only been able to discover two points 
at the volcano Gunung Guntur, not far from Bandong, 
aniin the great Tengger mountains (“*)—where masses 
of obsidiath have formed. They do not appear to have 
occasioned any formation of pumice. The seas of sand 
(dasar), which are at a mean height of nearly 7000 feet 
above the sea, are covered, not with pumice, but with a 
Jayer of rapilli, which are described as half-vitrified 
obsidian-like pieces of basalt. The cone of Vesuvius, 
which has never emitted pumice, sent forth, from the 
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24th to the 28th of October 1822, sandclike ashes 
triturated trachytic rapilli, forming a layer or stratum 
19 inches thick, which have never been confounded 
with pumice. 

The hollows and vesicular cavities in obsidian & 
which (as, for example, at the Mexican Cerro del Jacl) 
crystals of olivine have formed, probably from precip 
tated vapours, aré occasionally found in both, hems 
spheres to contain another kind of enclosures, which 
seem to point to the mode of their origin and forms 
tion. Tn the wider portions of these long-extended ant 
mostly very regularly parallel cavities, there are morsel 
of half-decomposed earthy trachyte. The cavity has« 
narrower tail-like prolongation, as if, under the inflo- 
ence of volcanic heat, a gaseous elastic fluid had dere 
loped itself in the still soft mass. This phenomenm 
had particularly attracted the attention of Leopold vou 
Buch in. 1805, when he, Gay-Lussac, and I vistted 
Thomson's collection of minerals at Naples. (°?) The 
puffing up of obsidians by fire, which had not escapal 
observation in Grecian antiquity (*), is certainly camsel 
by.a similar development of gas. According to Abie, 
obsidians submitted to fusion pass so much the mare 
easily into cellular pumice, in which the fibres are not 
parallel to each other, the poorer they are in silicio adil 
and the richer they are in alkalies But whether tht 
inflation is due solely to the flying off of potasm ur 
hydrochloric acid remains, according to Rammelbergt 
investigations (*), very uncertain. Apparently similar 
phenomena of inflation in trachytes rich in obsidian and 
sanidine, in porous basalts and amygdaloids, in pitel- 
stone, tourmaline, and the dark-brown flint whieh 
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loses colour, may have very different causes in dif- 
ferent substances ; and an examination long looked for 
im vain, based on appropriate and exact experiments 
made exclusively on the escaping gases, would lead to 
an inestimable enlargement of the chemical geology of 
volcanoes, if regard were at the same time paid to the 
operation of sea-water in submarine formations, and to 
the quantity of carburetted hydrogen in the intermixed 
organic substances. 

‘The facts which T have brought together at the close 
of this section — the enumeration of volcanoes which pro- 
duce pumice without obsidian, or much obsidian without 
pumice, and the remarkable, not constant, but, on the 
contrary, very various association of obsidian and pumice 
with certain other minerals —led me, long ago, during 
my sojourn in the Cordilleras of Quito, to the persua- 
sion that the formation of pumice is the result of a che- 
tical process, which may take place in trachytes of very 
various composition, without the necessary intervention 
of obsidian (i.¢. without the necessary preceding existence 
of obsidian in Jarge masses). The conditions under 
which such a process goes forward on a great scale are, 
probably,—I would here repeat,— dependent less on 
iliversity of materials, than on degrees of heat, of pres- 
sure determined by depth, of fluidity, and on length of 
period of solidification. The highly noteworthy although 
fare phwnomena presented by the isolated occurrence of 
vast subterranean pumice-stone quarries, apart from any 
“volcanic framework,” lead me to entertain the conjec- 
ture (@*) that « not inconsidernble portion — perhaps, 
necording to volume, the larger portion— of volcanic 
rocks have been emitted, not from elevated volcanic 
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frameworks, but from a network of fissures on th 
earth's surface, from which they have poured forth, 
often forming, as it were, strata covering an extent ¢ 
many square leagues, We are probably to include 
among these phenomena the old masses of trap of th 
lower Silurian formation of the south-west of England, 
by whose exact chronometric determination my ills 
trious friend Sir Roderick Murchison has so greatly 
enlarged the scope and heightened the character of ow 
knowledge of the geological construction of the globe. 





RECTIFICATIONS AND ADDITIONS. 


Page 32. 


A sritt much higher result for the earth’s density than 
was obtained by Baily (1842) and by Reich (1847-1850) 
has been given by the pendulum experiments which 
Airy instituted, with exemplary precautions, in 1854, 
in the Harton coal-mine. The result of these experi- 
ments is to give the density 6-566, with a probable 
error of 0°182 (Airy, in the Phil. Trans, 1856, p. 342). 
A small modification of this numerical value is added 
by Professor Stokes, on account of the effect of the 
earth’s rotation and ellipticity, and alters the density to 
6-565 for Harton, which is in 54° 48’ N, Jat., and to 
6-489 for the equator. 


Page 80, line 5. 


Arago left behind him a rich mass of magnetic obser- 
vations (more than 52,600 in number), obtained from 
1818 to 1835, which, after a laborious redaction by 
M. Fédor Thoman, have been published in the “CEuvres 
complétes de Franpois Arago” (tome iv. p. 498). 
General Sabine bas discovered in these observations (for 
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the years 1821—1830) the most entire confirmation of 
the decennial magnetic declination period, and its con- 
nection with the similar period of relative paucity and 
frequency in the solar spota. (Arago's Meteorological 
Essays (Translation), London, 1855, pp. 355—357.) As 
early as the same year (1850) in which Schwabe, st 
Dessau, published his periods of the solar spots (Kosmos, 
Ba. iii, 8, 402; Eng. p. 291), and even two years before 
Sabine himself first (in March 1852, Phil. Trans. for 1852, 
pt. 1, p. 116—121; Kosmos, Ba. iv. 8. 174; Eng, note 
73) connected the magnetic decennial period with that 
of the solar spots, he had made the important discovery 
that the sun appears to act by its own proper magnetic 
force upon the earth’s magnetism. He had found (Phil 
Trans. 1850, pt. 1, p. 216; Kosmos, Bd. iv. S. 132; Eng. 
p» 143) that the magnetic intensity is greatest, and the 
needle approaches most nearly to a vertical direction, 
when the earth is nearest to the sun. The knowledge 
of such a magnetic influence of the central body of our 
planetary system, not acting indirectly through the pro- 
duction of heat, but directly by its own magnetic force, 
as well as by variations in its photosphere (in the mag- 
nitude and frequency of funnel-shaped openings in the 
solar photosphere), gives to the study of terrestrial 
magnetism, and to the network of magnetic observa- 
tories with which (Kosmos, Bd. i. 8, 346, Bd. iv. & 72; 
Eng. vol. i. p. 334, present volume, p. 78) Russia and 
Northern Asia have been covered since the resolution’ 
of 1829, and the colonies of Great Britain since 
1840—1850, a higher cosmical interest, (Sabiné, in 
the Proceedings of the Royal Society, vol. vill. No. 25, 
p- 400, and in the Phil. Trans. for 1856, p, 362.) 





Page 90, line 4. 


_ Although the nearness of the moon in comparison 
with the sun does not seem to compensate the smallness 
of its mags, yet the already securely ascertained variation 
of the magnetic declination in the course of a lunarday, 
“lunar-diurnal magnetic variation” (Sabine in the 
Report to the British Association at Liverpool, 1854, 
p 11; and for Hobarton, Phil. Trans, 1857, art i. p. 6), 
ineites us perseveringly to continue and extend the 
researches on the magnetic influences of our satellite, 
Krei) has the great merit of having pursued this ex- 
mination with great care from 1839 to 1852 (see his 
“ Abhandlung iiber den Einfluss des Mondes auf die 
horizontale Componente der magnetischen Erdkraft,” in 
the “Denkschriften der Wiener Akademie der Wiss, 
mathem, naturwiss, Classe, Bd. v. 1853, S.45; and Phil, 
‘Trans. for 1856, art. xxii.) As M. Kreil’s observations, 
made during several years at Milan and Prague, led him 
to believe that the moon causes a decennial declination 
period similar to that occasioned apparently by the sun- 
spots, General Sabine was induced to undertake a more 
extensive investigation, whereby he ascertained that the 
influence of the sun alone produces a decennial period, 
which indeed he had already made out for Toronto, in 
Canada, by the employment of a special and very acou- 
rate mode of calculation (Phil. Trans, 1856, p. 361), 
‘This influence of the sun was also distinctly manifested 
ly the hourly observations, continued during eight years, 
nt Hobarton in Van Diemen Island; but while, in both 
hemispheres, the southern as well as the northern, the 
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same result was found for the sun’s action, they also both 
agreed in yielding assured evidence “ that the lunar-diar- 
nal variation corresponding to different years shows no 
conformity to the decennial inequality manifested in 
those of the solar-diurnal variation.” No sufficient ex- 
planation seems yet to have been given of the lunar 
diurnal magnetic variation, as General Sabine has also 
remarked that “the earth’s inductive action reflected 
from the moon would seem to be too feeble to account 
for it.” (Sabine in the Phil. Trans. for 1857, art. i. p. 7} 
and in the Proceedings of the Royal Society, vol. vii. 
No. 20, p. 404.) As the magnetic portion of this volume 
was printed almost: three years ago, it appeared to be 
particularly needful, in regard to a subject to which T 


have been so long attached, to complete it, in some 
measure, by some subsequent additions, 





EDITOR’S NOTES. 


I.— On the Ellipticity of the Earth, 


Tx the 28th and 29th pages of the German original of this 
volume (English translation, pp. 27 and 28), M. de Hum- 
boldt has combined the results of the pendulum experi- 
ments made by M. Biot, in conjunction with MM. Arago, 
Chaix, and Mathieu, at several stations of the French 
are of the meridian, with those made by myself at several 
stations in Europe, Africa, and America, (chosen chiefly 
with reference to their proximity either to the equator 
on the one hand, or to the high latitudes of the northern 
hemisphere on the other,) for the purpose of drawing « 
conclusion upon the important question, whether the 
acceleration of the pendulum between the equator and the 
middle latitudes, and between the middle latitudes and 
the vicinity of the pole, indicates a uniformity, or an 
inequality, in the amount of the ellipticity derived from 
those two portions of the hemisphere, ‘The conclusion 
arrived at is, that from the equator to the latitude of 45° 
the pendulum results indicate =},, and from latitude 
45° to the polo 5},; whilst the three series taken toge- 
ther give for the whole northern quadrant the ellipticity 
of ate 
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But before such a combination as is here made ex 
be safely employed in the deduction of the ellipticity 
of the whole quadrant, and still more of separate por 
tions of the quadrant, it is of the first importance to 
be assured of the strict intercomparability of resalts 
obtained in the different parts of the hemisphere by dit 
ferent methods and by very dissimilar apparatus, 

‘The pendulum experiments of the French philosophers 
in the middle latitudes were made, as is well known, by 
the method and with the apparatus (slightly modified) 
of Borda. Mine, both in the neighbourhood of the 
equator and in the high latitudes, with the very different 
apparatus known as the Invariable Pendulum of Kater 
The object which is sought by the experiment is ale 


different in the two cases. With the apparatus of Bords, 
the object sought, and the result obtained, is the absolute 
length of the seconds pendulum at the place at whiel 


independently of the absolute length 

of the seconds pendulum at any one of the stations 
) n which length is. neither determined 
by means of the invariable peniu 

joes it need to have been determined at any 
hatsoever. To bring, consequently, a serie 

iments with an invariable pendulum (whieh 

furnish simply the acceleration, or the difference in 
the number of vibrations which a pendulum mechi- 
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nically invariable makes in a certain definite time at 
the different stations to which it has been successively 
con’ |,) into combination with another series in which 
the experimental object has been a different one,—viz. 
to determine, by Borda’s method, the absolute length of 
the seconds pendulum at one or more stations, — requires 
that some assumption should be made, whereby the 
absolute lengths of the seconds pendulum at the stations 
where the invariable pendulum has been used may be 
substituted for that which is the sole and simple ex- 
perimental result with the latter apparatus; and, 
farther, that the lengths eo substituted shall be such as 
would have been obtained by Borda's apparatus in 
partionar, had it been employed at those stations in- 
stead of the invariable pendulum, 

‘The operation of even a very small error in the 
requisite assumption may easily be understood when, 
as in the present case, the one series—viz. that of 
the invariable pendulum—has furnished the results 
in both the polar and the equatorial latitudes, and the 
other series—viz. that of the absolute lengths measured 
by Borda's apparatus—those in the middle latitudes. 
at, By the combination of the polar and equatorial 
results we obtain the ellipticity unaffected by the sup- 
powed error, because they form parts of one and the 
same experimental series, and require no substitution 
in lieu of the direct experimental resulta. They have 
also the very great and independent advantage of com- 
prehending between them an are of such extent (and 
consequently an acceleration of such amount), that 
minor errors of other kinds, whether observational, or 
due to local variations of the gravitating force as in- 
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fluenced by the disposition or density of the materiale at 
the surface, become of comparatively minor importante, 
The ellipticity derived from this combination is there- 
fore not only unaffected by the supposed error of whith 
we are treating, but is also much less liable to be 
affected by errors of other kinds, than are the results of 
the two following combinations in which the arcs are of 
inferior extent. 2nd, In combining the middle latitude 
series with one portion—say, the equatorial —of the 
other series, the error of the assumption, if there be 
one, is involved; and though it may be a very emall 
error, its influence on the ellipticity derived from this 
combination may be comparatively lange, because the 
are comprehended by the stations is now reduced to 
nearly one half of the extent it had when the polar and 
equatorial series were taken together. 3rd, The same 
reasoning holds when the middle latitude series is oam- 
bined with the other portion, i.¢ the polar portion, of 
the series with the invariable pendulum: but in this 
case the ellipticity resulting from the combination will 
have an error in the opposite sense to the deduction in 
No. 2. 4th and lastly, When the whole of the resuliy 
of the two series are combined, by means of an assump- 
tion which involves a small error in the comparability of 
the middle latitude results with those of the polar anil 
equatorial stations, the ellipticity resulting therefrom will 
exhibit a small difference from that derived from the 
combination of the polar and equatorial results, for the 
strict comparability of which no such assumption wa 
required ; but the difference will be small in comparises 
with that in 2 and 3, partly because opposite effects 
tend to counterbalance each other, and partly because 
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all differences are softened down by the extent of the 
are, 

‘Now the ellipticities derived from the four combina- 
tion# are as follows :— 1. Polar and equatorial stations, 
ays! (Sabine, Pend. Ex. 1825, p. $34.) 2. Equa- 

and middle Intitudes, 3453 (Kosmos, B. iv. 8. 28; 
Eng, tr, vol. iv. p. 28,) 3, Polar and middle latitudes, 
tix? (Kosmos, idem.) 4. Polar and equatorial with 
middie latitude stations, $5; (Kosmos, idem.) Com- 
paring the differences thus shown with the statement 
that has preceded them, we may perceive that they 
correspond precisely to what would be occasioned by an 
error in some part of the process, by which a strict in- 
tercomparability has been supposed to be established, 
between the results obtained by myself with the invari- 
_ able pendulum in the equatorial and polar latitudes, and 
‘those obtained in the middle latitudes with Borda's 
apparatus 

‘From a conyiction of the great difficulty of establish- 
ing an unexceptionable intercomparability between the 
results of experimonta in which the objects, methods, 
nnd apparatus were dissimilar, I did not hesitate, when 
inyostigating in 1825 the same question of uniformity 
‘or otherwise of the ollipticity in the two portions of the 

quadrant, to prefer the combination of Captain 
Kater’s results at the principal stations of the British arc 
of the meridian with my own in the equatorial and high 
northern latitudes, to a combination of the experiments 
on the French are with my own, Ip the first combination, 
that of Captain Kater’s experiments and mine, the appara- 
tus was the samo; the method of experimenting identical ; 
the connection between our separate series such as could 

YOR, IY. x 





458 EDITOR'S NOTES. 


not possibly be better—we had the same baee stations 
(London), the same house in London, and the sme 
apartment in the same house: the results at our seven 
stations formed, in fact, one series, of unquestionable 
relation in every particular, For the solution of the 
special question which we are now considering they fi 
nished me with three groups, remarkably well adaplol 
for the purpose; the first comprising the five stations 
nearest to the equator, i. ¢ between 0° and 10° 38’ 0” 
(Trinidad); the second comprising the six stations & 
England and Scotland; and the third group comprising 
the five most northern stations, 7. ¢, between 60° N 
and 80°N. ‘The ellipticity severally derived from the 
combinations of these three groups (which appears & 
have escaped the notice of M. de Humboldt) was a 
follows :— 


Equatorial and high northern - s.h5} Pend. Egy 
High northern and middle latitude spy 1825, p. Hb 


It is seen, therefore, that when the experiment 


Equatorial and middle latitude - no} Sabine, 


are made under suitable and favourable conditions # | 


uniformity in the apparatus and method, and of wel 
assured relation to each other throughout, the suppose! 
“anomaly” in the ellipticity of the two portions of tht 
quadrant entirely disappears; each portion of the qual- 
rant corresponds with the other in the amoust 
ellipticity which it indicates, and both correspand Witt 
the deduetion made for the whole quadrant from nine 
teen stations distributed over its surface, extendiag 
from the equator to a few minutes short of 80° of % 
latitude, 
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When the object of experiment is simply the de- 
termination of the ellipticity, the invariable pendulum 
| unquestionably presents the most direct and the 


Vay: the mies of dissimilar apparatus and pro- 
The determination of the absolute length de- 
a far more elaborate and delicate process of 


| (Kosmos, Ba. iy. Anm. 20), it has been known that ono 
_ part of the process, whereby the absolute lengths were 
_ mupposed to be determined before that date, was founded 
0 An erroneous theoretical supposition; and hence has 
Beep reeves Recomity,wholly, unforeseen and uunsus- 
pected by the eminent persons who devised the methods 

oe who employed them previous to 1828, of experi- 
investigating and applying corrections by no 
means insignificant in amount, and affecting different 

| forms of apparatus in very different proportions, 

_ Although it is obvious on a very slight consideration, 
corrections required by Bessel's discovery to be 
| applied to the acceleration, derived from experimenta 
with an invariable pendulum in which the same form of 
pendalum had been employed throughout, must be very 
small in comparison with those required for the absolute 


x2 
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lengths referred to in the preceding paragraph, yet, a 
the conclusions which have been here reproduced are 


taken from my publication in 1825 (which publication: 
was anterior to 1828, the epoch of the annonncement i 
Bessel’s discovery), it may be proper on this occas 
to state explicitly the degree in which thoee conelar 
sions were affected by it, It is conformable to the 
plan of this volume of “ Kosmos” (which. treaty of the 
“special results of observation inthe domain of the te- 
restrial phwnomena”), that it should contain the dis 
upon which important conclusions are based, corrected 
according to the most recent emendations, Now Bes 
has shown that when a pendulum moves in air thealr 
becomes part of the moving system, and the moving 
force must be imparted, not only to the particles 
mass of the solid body of the pendulum, but als te 
all the particles of mass of the air which are put ® 
motion in accompaniment with it. The specific gravity 
of the moving mass, including solid and gaseous, bag 
less than that of the solid part alone, the method em 
ployed antecedently for computing the effect of the me 
dium in which the pendulum was vibrated, in retanling 
the vibration, was erroneous; and, as the quantity asl 
distribution of the air accompanying the solid portional 
the pendulum must depend upon the form aud ar 
rangement of the solid part, it followed that the tre 
“correction for buoyancy” for each particular forme 
experimental pendulum required to be ascertained by 
special experiment. Tt was obvious that in the enstof 
the determinations of absolute length; as the appartat 
of Borda and that of Kater’s convertible pendubam 
differed widely in form, their respective corrections fit 





ON THE ELLIPTICITY OF THE EARTH. 461 


‘Dhoyancy might be expected to differ widely from each 
_ ther, a well ns from the original, and now known to be 


“@rroveous, computation ; and that the results would, with 

apparatus, be altered by the whole amount of the 

ference between the original computation, and the true 

cy correction as learnt by experiment; whilst in 

case of the invariable pendulum the acceleration 

‘would only require to be corrected for a small fraction 

‘ teat difference, because the greater portion would be 

co ‘error at all the stations where the same form 

e pendulum had been used. 

be kind of experiment best suited to give the true 

ction for buoyancy” (or it is sometimes called 

reduction to a vacuum") for any particular form 

pendulum, was sufficiently obvious, and presented no 

difficulties than such as might be surmounted by 

fitting apparatus, in which the pendulum iteelf might 

‘vibrated alternately in air of the ordinary tempera- 

nm and density, and in rarefied air approaching nearly 
8 vocuum, 

| ta the same year that Beasel’s discovery was an- 

_ Bounced (1828), I had such an apparatus constracted, 

by experiments recorded in the Phil, Trans. for 

$29, urt. xviii., ascertained that the buoyancy correc~ 

_ tion for an invariable pendulum of the form employed 

f ‘by Captain Kater and myself, computed by the formula 

‘which had been previously in use, required to be multi- 

plied by the factor 1-65 in order to give the true reduction 

-yavuum, The most widely differing buoyancy cor~ 

} rections at the 19 stations of Captain Kater and myself, 

| ‘eomputed by the original formula, were: + 6°75 at 

| Sierra Leone, and + 6°27 at Spitzbergen, in a mean 

xs 
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solar day. These corrections, multiplied by 165, be 
come respectively 9°52 and 10"38; or the number of 
vibrations in a mean solar day, computed from the 
results with the invariable pendulum before Bemelt 
discovery was made, required to be increased ly 
(9°52 — 5°75 =) 377 at Sierra Leone, and (10S 
—6"27 =)4"11 at Spitzbergen. But the aaveleration 
between these stations would only have to be corrected 
for the difference between these numbers, ie. for (4*1 
— 3°77 =) 034; and as the whole acceleration be 
tween Sierra Leone and Spitzbergen is 2148 in ames 
solar day, an error of 0%34, or about its 745th part, woalt 
be of very small import, But it so happens that ere: 
this small erroris in great part compensated by a nearly 
equivalent correction in an opposite sense, which is ot 
casioned in the reduction to a uniform temperature ata 
consequence also of Bessel’s discovery. The equivalent 
in seconds to 1° of Fahr. was inferred to be OM21 ins 
mean solar day, from experiments made in Lendoo 
previously to 1828, in temperatures respectively 45°81 
and 83°55 of Fabr. (Pend. Expt, pp. 202—207.) In 
this deduction the old and errontous buoyancy formels 
was employed; but, on a recomputation with the oll 
correction multiplied by 1°65, the true equivalent for 
1° is found to be O43. (Sabine, in Phil. Trans, 162%, 
p» 238; and Airy, in Phil. Trans, 1856, p. 317.) New 
the temperature of the pendulum during the experi- 
ments at Sierra Leone was 80°52, and at Spitzbergen 
41°13, the difference being 39°39, which being multi 
plied by (0"43 —0"421 =) 0-009 is 0°36; by whieh 
amount the originally computed acceleration betwee 





‘ON THE ELLIPTICITY OF THE EARTII. 463 


Sierra Leone and Spitzbergen should be diminished on 
| account of the more accurate correction for the differ- 
ence in the temperature of the pendulums, as it was 

“previously shown that it ought to be increased by 
0°34 as a more accurate correction for the reduction to 
-@ vacuum; both the more recent values of the correc- 
“tions being consequences of Bessel’s discovery. Sierra 
Leone and Spitzbergen are stations of nearly extreme 
difference, both in the temperature of the penduluma 
and in the temperature and density of the air; the 
effect of Bessel’s discovery on the acceleration os ori~ 
 ginally computed, and, consequently, on the ellipticity 
originally deduced, is seen, therefore, to be wholly 
insignificant, 
| ‘Thus it hos happened that,—from my having adopted 
| what appeared to me a more practical mode of ex- 
" amining the influence of differences of temperature on 
the time of vibration of the pendulums, viz, by caus- 
| img them to vibrate at one and the same station in 
temperatures differing so widely os to include the whole 

‘ange of temperature experienced elsewhere,—(instead 

of deriving the correction from the expansion of brass 
| measured by pyrometric experiments, as previously 
| prnctised),—the acceleration originally computed from 

" my experiments in different latitudes has stood in need 
~ of little (and that little quite unimportant) correction as 
weconsequence of Beasel’s discovery in 1828, The reduc- 
‘tions tos uniform temperature are indeed everywhere too 
mall, if regarded as representing only the effect of the 
expansion of the metal on the vibrations of the pendu- 
lum; but they are experimentally all but correct when 


x4 
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regarded as representing the joint effects of the expan 
sion of the metal, and of the difference of tempersture 
on that part of the reduction to a vacuum which is net 
comprehended in the ancient “ correction for buoyancy? 
(Phil. Trans, 1829, p. 238.) 

Although the correctness or incorrectness of the mak 
surements of the absolute length of the pendulum, 
which were made before 1828, has no bearing on the 
ellipticity derived, az here, from direct experiments @ 
the acceleration, it may be well to notice the great oomi- 
parative influence which Bessel’s discovery has on oae 
at least of the methods, by which the true length of the 
seconds pendulum was previously supposed to have been 
determined; whence we may at once perceive the ine 
curity of inferring supposed comparable values of the 
acceleration from absolute lengths measured in differest 
places by different methods. Experiments made in 1830, 
and reported in the Phil, Trans, for 1831, art. xxv., with 
the vacuum apparatus already spoken of, and with the 
identical convertible pendulum which had been used by 
Captain Kater (in his experiments on the length of the 
seconds pendulum in London in 1817), showed tat 
the true reduction to a vacuum of that pendulum 
was more than double the amount calculated by the 
formula since known to be erroneous, The true redae 
tion was between 12 and 13 seconds in the 24 houn, 
instead of about 6 seconds, as computed and employe! 
by Captain Kater; the error in his determination wa 
consequently more than 6 seconds in » day, equivalent 
to 006 parts of an inch in the length of the seconds 
pendulum. In the case of the convertible pendulum, 
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the amount of the true reduction to a vacuum was no 
doubt unusually large in consequence of its particular 
form, and therefore it can be no guide in regard to the 
similar reduction required in other experimental forms, 
which must in every case be ascertained by special ex- 
periment. This is one of many points which require 
to be investigated, before measurements of the absolute 
length of the seconds pendulum, by different methods 
and dissimilar apparatus, can be assumed with confi- 
dence as giving identical conclusions. 

The variations in the rate of the pendulum at the 
stations of Captain Kater and myself are shown in the 
following tabular view. They are expressed in. refer~ 
ence to the rate in London (86,400 seconds in a mean 
solar day), in the house which was the common base 
station of both experimentalista. The pendulum being 
by its mechanical construction invariable in ite length 
(excepting only from the effects of changes of tempera- 
ture), the variations in its rate are the direct results of 
observation at the several stations, requiring only three 
corrections to be spplied:—1. for differences of tem- 
perature; 2. for differences of the density of the air; 
3. for differences of elevation above the level of the nea. 
For the first and second, the corrections have themselves 
been determined experimentally; and for the third, the 
correction has been calculated from the duplicate pro- 
portion of the distances of the station and of the sea- 
level from the earth's centre, diminished by a uniform 
factor of 0°67. (Phil. Trans, 1819, p. 354; and Pend. 
Exp., p. 332.) Of the three corrections, that for the 
variations of temperature is the one of which the ac- 

xs 
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curacy may be the most open to question. ‘The valie 
0™43, as the equivalent of a change of 1° of Fahr. in 
the temperature of the pendulum, was obtained in 
the experiments of 1824, by the comparison of vim 
tions in temperatures which differed from ench othe 
nearly the whole amount of the range of the natal 
temperatures experienced at the several stations, and 
measured by the same thermometers. But as thos 
experiments were made in the middle of a London 
winter, the high temperatures were necessarily produced 
by heating the apartment by artificial means; and al 
though this was done with great care, and in many 
respects under very favourable circumstances, it is 
always difficult to maintain for many hours an artificial | 
temperature, exceeding that of the atmosphere by little 
less than 40°, s0 a8 to be quite sure of a correct mem 
temperature. For this reason I was glad to have a 
opportunity of examining the question afresh in 1829— 
1830, by experiments made at the Royal Observatory st 
Greenwich (with the permission of Mr, Pond, then astro- 
nomer royal,) with a pendulum similar to those I bad 
previously employed, and with the same thermometer, | 
in natural temperatures varying about 32° of Fahr, from 
each other. ‘These are recorded in the Phil. ‘Trans fer 
1830, art. xix. They gave the value i 

1° of Fahr, 0"44 instead of 043, the latter having 
been obtained from the comparison of the vibrations in 
the natural and artificial temperatures, In submitting 
the experiments of 1829—1830 to the Royal Society, I 
expressed my own prefarence for the value, Od, ob- 
tained when both the extremes were natural temper 
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tures. In restating the general results, therefore, on 
the present occasion, I have employed O44 as the 
equivalent of 1° Fahr. in reducing both my own and 
Captain Kater’s results to a uniform temperature. The 
“reduction to a vacuum” is the ordinary buoyancy cor- 
rection multiplied by the factor 1°65; and in the reduc- 
tion to the sea-level the factor 0'67 has been applied 
uniformly at all the stations; the heights were gene- 
rally small, and the reductions little more than nominal. 
Whatever errors in the original publication have come 
to my knowledge subsequently, either by my own recal- 
culations or by information received from others, have 
been corrected; and three stations have been added to 
the original nineteen, viz, the observatories of Green- 
wich, Altona, and Paris, which, at the request of the 
council of the Royal Society, I visited subsequently to 
the polar and equatorial series, employing pendulums of 
precisely the same form and construction, and pursuing 
the same processes both of observation and reduction. 
(Phil. Trans, 1828, art, iv.; 1829, art. ix; 1830, 
art. xviii.) The reductions to the sea-level have been 
applied to the results in the three memoirs just cited, 
which reductions were not required in the first instance, 
becanse the object then sought was the difference in 
the rate of vibration at the three observatories from the 
rate in London. The same coefficienta have been em- 
ployed in the corrections for temperature and buoyancy 
oa at the other stations, On all occasions the inva- 
riability of the pendulums during the experiments was 
proved, by bringing them back to the base station, and 
ascertaining that their rates were unchanged. 
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Vanations om tux Rare or tue Pespurem yinairme 
Snconps of MEAN sotan Time 1x Loxpox witex tixry 


St.Thomas. . . 

Maranham 

Ascension « + 

Sierra Leone 

Trinidad 

Bahia 

Jomaicn. « 

New York. . 

Paris. . . . » 48 50 14N, 

Shanklin... SOSTS4MN, 
« 61 28 40 N, gaining 


- 6131 BN. 


» » 6212 55N. 
+ 63.97 43, 
+ 68.82 45N. 
» 55 68 41N, 

+ + 87 40 59N. 
+ 60 45 28.N, 

63 25 54N, 
+ 7040 5N, 
. 74.32 19, 
+ 79 49 SEN, 


$ as the increase of gravity from the equitdeta 

gether with the ellipticity, =>, correspoml- 

cisely with the value derived from the thirteen 

stations of my equatorial and arctic voyages, (Peal. 
Expts, 1825, p. 334.) 

‘The following table exhibits the vibrations at the 
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several stations computed by and corresponding to these 
yalues of the equatorial rate of vibration, and of the 
increase of gravity from the equator to the pole; 
together with the vibrations actually observed at each 
station, and the differences, or what may be properly 
termed the discrepancies, of the observed vibrations :— 


86269°32 
8625077 
86273-04 
8626833 














From the column of “ differences” we may obtain 
the “probable error” of the vibrations at a single sta- 
tion, and the proportion in which the probable error is 
diminished as the number of stations is increased. Of 
a single station the probable error is 1*7 ; of 10 stations, 
055; and of 22 stations (the number in the table), 
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0°36. The sycaterial mie 36363°60 eumsequently bas 0 
protable exror of + 36. 

If attention be now directed to the “ differences” at 
the ten stations between the parallels of 40° and 6 
(which may be regarded as the representatives of the 
middie Istitmles in this investigation), we do not find, 
either in the individual amounts, or in the systematic 
cocurrence of either + or — signs, the indications which 
we should expect to find, if there were a notable discre 
pancy peculiar to those latitudes in the general form of 
the ellipticity of the hemisphere. On theeontrary, 
the signs of opposite character are interspersed in 4 
manner which indicates that they are of an accidental 
rather than of a systematic nature; and in regard to 
amount, the sum of the actual discrepancies at the ten 
stations (giving their proper value to the signs) is 057; 
whilst the “ probable discrepancy ” of 10 stations (com- 
puted from the discrepancies at the 22 stations,) ix, as 
above stated, 055. 

If we combine the equatorial vibration 8626360 
miccessively and separately with the vibrations observed 
at each of the 10 middle stations, and take the arith- 
metical mean of the 10 results, we obtain from these 
stations, so combined with the equatorial rate, 0051828 
ax the increase of gravity from the equator to the pole, 
differing only -0000057 from the results of the 22 
stations, and corresponding to the ellipticity —1—; 
which, viewed as a partial result derived from 
middle Intitudes, may be regarded as sensibly the same 
a8 syiray Already stated as the general result from the 
equatorial and polar stations. _— 

Having thus reasserted, and more fully justified, the 
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symmetrical consistency of the ellipticity of the two 
portions of the northern quadrant shown by the ac- 
‘eeleration resulting from the employment of Kater’s 
invariable pendulum, I may be permitted to rectify 
an accidental mistake which occurs in p, 27 of the 
original (p. 27 of this translation also), regarding the 
‘the origination of the experiments in which I was myself 
employed. The experiments of Captain Kater at the 
principal stations of the British Trigonometrical Survey 
‘were those which were undertaken, as stated by M. de 
Hamboldt, at the desire of H.M. Government, pursuant 
to an address of the House of Commons, March 15th, 
1816, which was moved by Mr. Davies Gilbert. This 
undertaking was completed on June 19, 1819, when 
Captain Kater presented the final account of his experi- 
ments to the Royal Society. The subsequent extension 
of the inquiry to stations including “the utmost accessible 
distance on the meridian of a hemisphere,” originated in 
& proposition made by myself to the Board of Longitude, 
and recommended by that board (which included 
amongst its members several of the most eminent Fel- 
lows of the Royal Society) to the favourable considera- 
tion of H.M. Government. The object of the proposition 
in stated in the preface of the work in which its aecom- 
plishment is recorded, viz., “to extend the suite of 
stations to the equator on the one side, and to the highest 
accessible latitudes of the northern hemisphere on the 
other; to multiply the stations at both extremities of 
the meridian, so that, by their general combination, the 
irregular influences of local density (which had prevented 
any independent conclusion whatsoever, relatively to the 
figure of the earth, being drawn from the experiments 
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either of the French philosophers or of Captain Kater) 
might mutually destroy each other, and the variations 
of gravity due to the ellipticity alone be elicited; and 
to ensure the uniformity of procedure and strict com- 
parability of the results at all the stations, by the unity 
of the observer and the identity of the instrumenta In 
effect, to terminate the inquiry with the pendulum — 
either by obtaining decisively the result which it might 
be capable of furnishing,—or by manifesting that oo 
decisive result whatsoever was attainable by it, even 
under the most favourable circumstances of operation.” 
(Pend. Expta, 1825, Preface.) 

T gladly avail myself of this occasion to recall, with 
grateful recollection, the arrangements which existed, at 
that period, for facilitating the communications between 
Gove 
its most fitting counsellors, in matters appertaining te 
the advancement of science and to the national duty 
in its promotion, By means of the Board of Longitude, 

ition from an individual, known only by the 
had shown to be employed on scientific under- 
jess suited perhaps to men of higher qualifice 


_ When treating of the results of pendulum experiments 
in the sou hemisphere (p. 28 of the German, and 
28 of the English edition), M, de Humboldt has omittel 
to notice the experiments of Captain Henry Foster ia 
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the years 1828—1831, which, on account of the unity of 
the observer, the identity of the instruments, the num- 
ber of stations, and the extent of the arc which they 
embrace, must undoubtedly be considered to hold the 
first place in the determinations of that hemisphere. In 
January, 1828, 2 communication was received by the 
Royal Society from H.R. Highness the Duke of Clarence 
(afterwards King William the Fourth), then Lord High 
Admiral, intimating the favourable disposition of Go- 
vernment to extend to the southern hemisphere the 
investigation into the figure of the earth which had 
been recently completed in the northern hemisphere ; 
and requesting from the Royal Society such suggestions 
as might be made the basis of the instructions to be 
given to the officer who might be selected to execute 
them. The reply was drawn up by a committee of the 
Royal Society, of which Sir John Herschel was chairman, 
and of which I was myself 1 member, and is preserved 
in the archives of the Royal Society. Captain Foster, 
who was appointed to conduct the experiments, had 
been a midshipman with Captain Basil Hall, in the 
“Conway,” and afterwards with Captain Clavering, in 
the “Griper,” in which ship I was then visiting Spitz- 
bergen and Greenland, and had recently received the 
Copley medal of the Royal Society for his researches in 
several branches of physical science made during the 
arctic voyages of Sir Edward Parry in 1824—25 and 
1827, The “Chanticleer” sloop of war having been 
commissioned expressly for this service, Captain Foster 
sailed from England in the spring of 1828, and in the 
course of the two following years completed the experi~ 
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ments at the following stations, which are here mngel 
according to their latitudes: — 


Para - - 
Maranham - 
Fernando de Noronha 
Ascension - 
Porto Bello - 
‘Trinidad - 
St. Helena - 
Cape of Good Hope 
Monte Video - 
Staten Land =~ 
CapeHom == 
South Shetland - 


RBEIESAScsew 
B2eEersegegagses 
BBSASREBSES 
PREAH PAADHDP 


To these twelve stations, of which ten are in south ant 
two in north latitude, we must add London and Greeo- 
wich, where the pendulums were vibrated by Captain 


vibrations repeated (in London) by Mr. Baily after the 
return of the instruments at the conclusion of the yayugs. 
Having completed the experiments at Porto Bello, the 

st of his pendulum stations, and whilst engaged is 
measuring the difference of longitude across the isthmas 
between Panama and Chagres, Captain Foster was neci- 


The papers containing his observations, 

d but not calculated, were placed by the Adm- 

ralty in the hands of Mr, Francis Baily, President of 

the Royal Astronomical Society, under whose directions 

the necessary calculations were made, and the results 

reported in a memoir forming the seventh volume of the 
Transactions of the Royal Astronomical Society. 

Captain Foster was furnished with two invariable 


al 
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pendulums of precisely the same form and construction 
as those which had been employed by Captain Kater 
and myself. Both pendulums were vibrated at all the 
stations, but from some cause which Mr. Baily was un- 
able to explain, the observations with one of them were 
80 discordant at South Shetland as to require their re~ 
jection. ‘The acceleration computed from the mean of 
the two pendulums at all the other stations, and from 
the one pendulum at South Shetland, gives, according 
to Mr. Baily’s report, pp. 74 and 75, for the increase of 
gravity from the equator to the pole, 0061924, and for 
the ellipticity, 74. The very close agreement of this 
result with that which had been previously stated from 
the experiments in the northern hemisphere affords a 
very strong probability that, in the conclusion common 
to them both, we have s true measure of the ellipticity 
of the earth derived by means of the pendulum, as well 
as a highly interesting and important indication of sym~- 
metry in the two hemispheres, 

‘There are two circumstances in particular which dis- 
tinguish the double series of experiments discussed in 
this note, and may claim for their result a higher degree 
of confidence than bas been accorded to the results of 

its made under less favourable conditions, 

‘The first is one which will be readily appreciated as coon 
as stated, viz., the extent of the arc of the meridian on 
whieh the stations of experiment are distributed —from 
62” 46° S. to the equator, and from the equator to 
79° 560’ N, The second may perhaps be less readily 
at the first view; but it is a condition, 
nevertheless, of primary importance in results whose 
value in to depend on their strict comparability with 
. 
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each others condition which is best: secured by the 
employment of the same instruments and the same 
processes of experiment throughout. From this con- 
viction I have limited the notice which has been here 
taken, both of Captain Foster's experiments and of my 
own, to the results obtained with the pendulams of the 
same form and construction as those which bad been 
employed by Captain Kater, and with which the mame 
methods of observation which had been first prctited 
by him were carefully preserved. I was myself pro- 
vided with two other invariable pendulums, differing in 
some respects in form from Captain Kater’s, and attached 
toatmin by which their vibration was maintained and 
the number of vibrations in a day recorded; and thes 
were employed as a wholly distinct mode of experiment 
at the greater part of the stations of my equatorial and 
polar series ‘The record of the results with these peo 
dulums is given in full in the volume of my Pend: 
Expts, pp. 237—287, where their close acconlance it 
shown with those of Kater's In like manner, Captain 
Foster was provided, in addition to the two Kater's pen- 
dulums, with a copper and an iron experimental pendu- 
lum (both differing in form from Kater's), which wert 
used at several of the stations which he visited, and the 
results are given by Mr. Baily in the report already re 
ferred to, where they are shown to accord sufficiently for 
general confirmation, at the stations where they were 
employed, with those of Kater, It is always a great 
advantage to an experimentalist to be provided with 
a second and wholly distinet process of = 
though it may not be in all respects, perhaps, qu 
80 satisfactory as the one on which he pri 
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relies; it inspires confidence if he finds the rosults 
accordant, and it affords the opportunity if the results 
should not be co, of endeavouring to clear up the 
discrepancy on the spot. This was the chief purpose 
which I contemplated in providing myself with the 
attached pendulums; and I found the full advantage of 
the provision when, at stations nearly in the same lati- 
tude with each other, and where, consequently, the rates 
of the pendulums should theoretically have been nearly 
the same, they differed to an amount of several seconds 
in the day, the difference being shown by all the four 
pendulams to nearly an identical amount; leading to 
the unavoidable conclusion that the discrepancy was not 
due to errors of obscrvation, but was the effect of natural 
causes operating at the particular stations, In like 
manner Mr. Baily, in calculating the results of Captain 
Foster's experiments, appears to have derived from the 
same circumstance the solution of the doubts, which he 
in known to have entertained previously, of the true 
causes of such discrepancies, In the report, p. 78, he 
accompanies the table of comparative resulta by the re~ 
mark that the table “clearly shows that the vibrations 
ofa pendulum are powerfully affected, in many places, 
by the local attraction of the substratum on which it is 
mwung, or by some other direct influence at present un- 
known to ns, and the effect of which far exceeds the 
‘errors of observation. For it will be seen, from an in- 
#pection of the table, that all the pendulums tell (sub. 
stantially) the same story at the same place.”* 


* Tt was at one time imagined that the angle which the plane in 
which the pendulum vibrated made with the astronomical or mage 
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Tn the tabular view which is given in page 469 of the 
differences between the observed and computed rates, 
‘Trinidad, Ascension, and Maranham are three stations 
at which, in my experiments, the discrepancies were 
most considerable in amount :— 


At Trinidad the observed vibrations were in defect 397 
At Ascension * * in excess 5°18 
At Maranbam 5 z5 in defect 423 


Sum - - i338 


For this reason it appeared to the committee of the 
Royal Society, by whom suggestions were made for 
Captain Foster's voyage, very desirable that the « 
periments should be repeated at those stations, ‘This 
was accordingly done, and the results of the repetitios 
are stated in Mr, Baily’s report in the table, p. 88. The 
comparative results are as follows: — The pendulum, 
which vibrated seconds in London, made at Trina 
vibrations according to Sabine, and 8626724 
aceording to Foster; at Ascension, 86273-04 Sabie, 
6272-26 Foster; at Maranham, 86269°77 Sabine, 

t Foster. At Trinidad and Maranham the 

vation were identical; at Ascension then 
difference, — Captain Foster's pendulams 

ere in a house in the Barrack Square, mine it 
a storehouse, within, I believe, a quarter of a mile® 


netical meridians might influence its time of vibration. Experiment; 
however, had already decided this question. At Sierra Leone, the 
first station which I visited, the pendulums were successively 
vibrated in planes at right angles with each other, with results s 
nearly accordant as to be in effect identical. (Pend. ‘Exptia HR 
15-16.) . 


WEN i 
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distance, The sum of the discrepancies of the two 
observers from each other at the three stations is 
194; the sum of the discrepancies between the ob- 
served and computed vibrations is, as above stated, 
13"38, Having been myself the person who specially 
proposed this repetition, I may now permit myself 
to refer to this statement, os an additional proof 
that the discrepancies between the observed and com~- 
puted vibrations are due, in a far greater degree, to 
local peculiarities, than to what may be more strictly 
called errors of observation. The “ probable error” at 
@ single station, calculated from the differences between 
the observed and computed vibrations at the 22 stations 
in p. 469, includes of course both station and observa~ 
tien errors; it is 17. The same computed from the 
| differences between the two observers at the three 
|. stations above cited (regarding the arithmetical mean 
‘between the observers as in each case the true result, 
and half the difference between them as the error of 
tach), is about 0"3. ‘The latter is the probable error of 
observation; the former the probable error of observa- 
tion and station combined; the error of observation is 
‘therefore not a quarter as large as the station error. 
Tho differences of opinion which once prevailed re~ 
| garding the causes of such discrepancies have now passed 
away; and they are now universally admitted, I believe, 
to be the effects of the unequal density of the superficial 
‘strata of the earth. They were first recognised as such by 
‘Cnptain Kater, in the Phil. Trans. for 1819, pp.424—426, 
who drew from hix own pendulum experiments at the 
‘principal stations of the British Trigonometrical Survey 
‘the conclusion that, “in passing through a country com- 


— | 
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posed of materials of various densities, the pendulum 
may be expected to indicate such varintions with very 
considerable precision.” The opinion thus expressed 
was considered by me to be so strikingly confirmed by 
the systematic character of the “anomalies” (us they 
were then called) at the equatorial and polar stations of 
my experiments in 1821-1822, as to justify the inference 
(Pend, Expts, 1825, p. 341,) that “the seale afforded by 
the pendulum for measuring the intensities of local 
attraction appears to be sufficiently extensive te renier 
it an instrument of possible tility in inquiries of 
purely geological nature. The rate of a pendulum 
may be ascertained, by proper care, to a single tenth of 
a vibration per diem ; whilst the variation of rate; oo 


casioned by the geological character of two stations, bas 
amounted, in extreme cases, to nearly ten vibrations pet 
diem : a scale of 100 determinable parts is thus affonled, 


ns | I had visited in 1821-1822, with the excess 
or defect at each station of the rate of the pendulum sup- 
posed to be occasioned thereby, and the value correspand- 
ing to the excess or defect in the scale of 100 parts; a¢ 
well as by a similar table (p. 345) for nineteen stations, 
{i of Captain Kater. These were, I believs, 
th tables of the kind that were published. tiv 
chiefly to such local influences that we must ascribe the 
discordances that have appeared in the ellipticity derived 
from stations too few in number and too near each other 
in latitude, If no irregular attraction occurred, the 
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results computed from different portions of the meridiaw 
should be the same. By multiplying the number of 
stations the effects of the variations of superficial density, 
sometimes in excess and sometimes in defect, tend ta 
counterbalance each other, and thus to diminish the 
general amount of error; whilst the increased extent of 
the included arc gives to such error a diminished in- 
fluence on the ultimate deduction. 

The discordances which were formerly found in the 
results of pendulum experiments, when the number of 
stations were comparatively few, or when the are which 
they included was of small dimension, appear to have 
produced in M, de Humboldt's mind an impression 
(p. 29), that the pendulum is a less likely means of ob- 
taining a well-nssured conclusion respecting the figure 
of our planet than the measurement of degrees. It is 
not surprising, indeed, when we look back upon the 
formidable array of distinguished geometricians and 
astronomers who have taken part for more than a cen- 
tury past in the measurement of degrees, that there 
should be « bias in favour of the ultimate conclusions 
from a method on which such a prodigious amount of 
time, means, and skilled labour have been expended, 
Still, there have not been wanting eminent persons who 
have been of a different opinion; and who, viewing the 
diverepancies which have also presented themselves in 
the ellipticity deduced from different measured ares— 
discrepancies arising from causes similar to those which 
affect pendulum results —have anticipated that the pen- 
dulum would eventiully be found amongst the most 
ascurate means of determining the general configuration 
of the globe. Happily, we have arrived at the time 

VOL, TY. r 
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when it is no longer necessary to discuss the claim of 
either of the methods to have its result accepted in 
preference to that of the other, since they are now fount 
to unite in a conclusion which, if not absolutely identical, 
is so nearly so as to leave scarcely anything more to be 
desired. The calculations of the Russian aro, extending 
from the North Cape to the Black Sea, and the revision 
of the Indian are with the comparison of its standanl 
scale with that of the Russian arc, which are referred to 
in the text (p. 21) as having been in progress when thal 
part of the volume was written, have since been oam- 
pleted ; and although the details are not yet published, 
it has for some time past been known, on the authority 
of M. Struve, that the result of this into 
manifest a much greater compression bad pre 
viously been deduced by Airy and Bessel in 1830, 1837, 
and 1841 from all the arcs then at their eommand. It 
is now known that the ellipticity derived from the 
Russian and Indian ares is between y}y and ¢}y; aad 
from the magnitude of those ares (the Russian exceed 
ing 25°, and the Indian exceeding 21°) and the great 
meridional extent embraced between them, it is not 
likely that this conclusion will be disturbed by exten- 
sions which yet remain to be completed of arcs of les 
magnitude, which, being also in intermediate latitudes 
are of leas importance in regard to the ellipticity, 

It may be worth while to cast a retrospective glance 
on the progressive assimilation of the ellipticity dedyeal 
from the measurement of degrees, as these measures have 
increased in number and magnitude and have brought 
into-comparison more distant portions of the meridiay, 
to the ellipticity derived from the pendulum, Without 
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laying undue stress on 54,, the value assigned by M. La- 
place in his “ Exposition du Systéme du Monde, 1799,” 
‘we find in the second volume of Biot’s “ Astronomie 
Physique,” published in 1810, ;g2-¢, stated as the 
\precive result of a careful combination of all the ares of 
|the meridian which had been measured up to that date, 
|Tn 1830, Mr. Airy, after a careful consideration of all 
|the ares which had been then measured, estimated their 
‘most probable result at gst-s5. (Enyce. Met. Figure of 
\the Earth.) In 1837, M. Bessel, whose acquirements and 
|hahits specially qualified him for such a task, undertook 
‘the revision and rectification of the earlier arcs, and 
\their combination with three additional ares which had 
been then recently completed. The general result was 
+ The extension of the Russian, and the later 
lrevision of the Indian arc, have made another step in 
|the value of the denominator of the fraction, of nearly 
same amount as the preceding step between the 
‘conclusions of M. Biot and of MM. Airy and Bessel. The 
|difference between the ellipticity which is now found 
to result from the measurement of degrees, and that of 
‘the pendulum, is reduced to 3 in the denominator 
‘of the fraction which denotes the amount of the com- 
(pression; or to about a fifth part only of the change 
‘which additions and rectifications in the measures of 
degrees have made since the early part of the century, 
Viewing the obvious tendency of the two methods— 
‘the pendalam and the measurement of degrees —to 
‘unite in one and the same conclusion, we may surely 
Base ourselves to regard the still subsisting very small 
i ce between them as comparatively, if not wholly, 
nt. In regard, however, to this really slight 
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remaining difference, I own that I am individually 
inclined to give the preference to the pendulum result, 
This preference may, no doubt, be in part owing tos 
natural bias in favour of what I have been myself 
engaged in, and, so far, be entitled to the less weight: 
yet it is to be remembered that the pendulum result 
has the advantage of nearly ten degrees of greater 
meridional extension than the measured arcs, and the 
the latter have been limited almost exclusively to the 
one (the northern) hemisphere, whilst pendulum e 
periments have been extended over both hemisphens 
with almost concurrent results, 

In conclusion, there is one advantage which cannié 
be denied to the pendulam over the measurement of ares, 
namely, the far lesa expenditure of time, means, unl 
skilled labour which it requires The time that inter 
vened between the proposition to give the pendulam 
experiments the widest practicable extension between the 
equator and the pole,—and the completion of that um 
dortaking and the publication of the results, —was barely 
five years. The experiments and the calculations were tht 
work of a single person; and the conclusion from them 
widely as it then differed from received opinions, be 
since stood as the mark towards which the subseqea! 
results of the measurement of degrees have progressively 
approximated ; and which, after a lapse of more that 
thirty years, bids fair to prove the true measure of tht 
general figure of our planet, 
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IL.—On the Magnetic Disturbances, 


‘Tun term-cbservations of the German Magnetic Asso- 
eiation, superintended by MM. Gauss and Weber in 
1835 and the following years, had shown that the 
@censional and apparently irregular disturbances of the 
Weeclination magnet (to which element the German 
term-observations were principally confined) took place 
almost always contemporaneously, over the large portion 
of the interior of the European continent comprehended 
by their stations; and the numerous and rapidly vary- 
ing fluctuations in the direction of the magnet which 

were observed to take place during a disturbance at one 

_ station, were found to occur simultaneously at other 
stations with an accordance admitting of no mistake, 
‘These facts, established by multiplied observations, gave 
® great increase to the interest with which the minor 
Magnetic variations had been previously regarded, and 
enused a general desire to be felt that the investigation 
should be extended to more distant parts of the globe; 
and that, in particular, the questions of the contem- 
‘Pormneous occurrence of the disturbances, and the simul- 

 taneity of the fluctuations which they occasioned, should 
‘be examined over a wider field than that of the German 
Association, and should embrace different continents 
and different hemispheros. 

But whilst the public attention was chiefly fixed on 
what were undoubtedly the most prominent and the 
most striking conclusions established by the extensive 

va 
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sytem of copertive investigation which had its heat- 
qqanrters at Giittingen, there were others also which, 
althonch they attracts? bes notice at the time, were nit 
lem apparent open a close examination of the sima- 
tanesas observasons at distant stations By a caret) 
«camination of the dingrams im which these were repre 
sented in the Reursiticte aus dem Beob. dea magnetiochen 
Vereine, it eoaki not fail to be perceived that (after de 
albrwance was made for the small differences at tht 
several stations of the absolute horizontal force of the 
earth, which is the antagunistic of the disturbances), 
the disturbing canses, sbilst acting simultaneously, pro- 
daced more extensive deflections at certain stations than 
at others, indicating thereby that the energy of the dis 
turbing force itself was subject to variations due to un- 
in comparing the movements of the declination magutt 
at two stations, of » difference in the proportional mag- 
nitude of successive deflections, one deflection beng 
greatest at the one station, and another deflectiia 
greatest at the other station. Though almost always 
exhibiting the same feature of simultaneity, the delle 
tions showed considerable variety, and apparent irrege- 
larity, in their extent. The conclusion seemed alsiost 
unavoidable, and appears accordingly to have tea 
entertained by M. Gauss himself, that more disturbleg 
forces than one were contemporancously in action; that 
these were, possibly, quite independent of exch other, 
and might have very different sources; their effects 
being intermixed in very dissimilar proportions at places 
differently situated in relation to the position mand dix 
tance of their respective sources. The disentanglement 


_ lie 
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of the complications produced by this presumed super- 
position of phenomena,—the separation of the indi- 
yidual forces of which the fluctuations are the compound 
result,—and the assignment of the source and measure 
of each,—were viewed by that eminent geometrician as 
“triumphs of science” which, though “ incontestably 
very difficult of accomplishment,” might not be unat~ 
tuinable by perseverance in the course of inductive 
investigation which had been so happily commenced. 
(Resultate, 1836, pp. 99—100.) 

The scheme of the British colonial observatories, 
adopted by the British Government on the joint recom- 
mendation of the Royal Society and of the British Asio~ 
ciation for the advancement of science, was much more 
comprehensive than that of the German Association, inas- 
ouch as it included the investigation of the laws ofall the 
magnetic variations, secular, periodical, and occasional, 
sensible at the surface of the globe; and embraced as 
distinct subjects of inquiry the phenomena of each of 
the three magnetic elements, the declination, the incli- 
nation, and the intensity of the magnetic foree,— the 
whole phenomena, in fact, of the magnetic direction and 
force, as they might be severally affected by the different 
variations, The occasional disturbances (the subject of 
this note) still preserved, however, a prominency in the 
order in which the investigations were to be made; from 
the circumstance, that the progressive and periodical 
variations appeared to be so mixed up with the in- 
fluences of the transient and occasional, that a know= 
ledge of the laws and relations of the latter, whereby 
their effects might be eliminated, was deemed to be 
indispensable towards a correct investigation and aualyaiv 

re 


— 
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of the former. The study of the occasional disturbance: 
was therefore taken up at the point to which it bad 
been carried by the German Association. The que- 
tions,—of general contemporaneous ocourrence,—anil of 
the degree of simultaneity and accordance in individual 
fluctuations of the disturbed magneéts,—were exaniised 
at observatories established in Africa and America, 
well as in Europe, in the northern and southern hemi+ 
pheres, and in the tropics, by observations of the three 
elements at short intervala, at preconcerted instants of 
absolute time, as well as generally on all occasions when 
fluctuations of more than usual amount presented thea 
selves in the course of the regular hourly registration. 
The result of this examination was conclusive in refer 
ence to the contemporaneous occurrence of the ple 
nomena in all parts of the globe, Not only were the 
same days characterised in the records of the different 
observatories as being “days of unusual disturbance” 
but the degree assigned to the disturbance, at 
“ excessive,” “great,” or “ moderate,” was usually the 
same at stations most distant from each other, ‘The 
instants of extreme disturbance in one of the elements 
in one part of the globe were frequently as nearly ides 
tical as the nature of the observation permitted, with 
those of the same or another element in a very distant 
part; and the culminating points of minor fluctuation 
as frequently exhibited a degree of accordance che 
racteristic of the existence of general affections, extent 
ing simultaneously over the whole surface of the globe, 
but influencing the magnetic elements variously, o 
cording, possibly, to the geographical position of the 
station, or to its distance and direction from the locali- 
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ties which may eventually be found to be those of the 
tources of disturbance. The correspondence which had 
‘been manifested in the fluctuations of the declination 
‘in Europe was also found to prevail in much the same 
degree when the term-day curves at different stations 
‘in Canada and the United States were compared inter 
‘2; butin s far less degree when the simultaneous 
curves of the two continents were placed in comparison, 
Tndications indeed were not wanting of the participation 
‘of both continents in disturbances having a common 
origin; but additional and still stronger evidence, of 
dissimilarity in the particular effects produced by the 
disturbing action in different localities, gave weight to 
the earlier inference of an admixture of forces, acting 
simultaneously and occasioning complication, for the 
disentanglement of which some new process of investi- 
sation appeared to be required. Now it was obvious 
that if more forces than one were in general action at 
the same time, a properly directed analysis of the dis 
tarbances ata single station might separate their effects, 
and exhibit their respective laws more simply and 
readily, than when additional complexity was introduced 
by having to consider at the same time the different 
action of the same forces at different places, In such 
‘an inquiry the first questions which would present them~ 
selves for solution would be, whether any periodical 
influence were discoverable in the mean effects of phe- 
nomena which were themselves of occasional, and in a 
certain sense, irregular occurrence ; and if so, whethor 
the different magnetic elements had the same or dif- 
ferent periodic laws; and whether, in cach element taken 
separately, the fluctuations which were observed to take 


rs 
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place on opposite sides of the mean or normal yaluo 
had the same or different periodic laws. For this inye- 
tigation, the hourly observations, which had been main- 
tained with steady perseverance for several years at the 
British Colonial Observatories, appeared likely to furnish 
a suitable provision, if a selection were made from them 
of a sufficient body of the particular class of phenomens 
to enable their laws to be studied. As the magnitude 
of deflection was the only known criterion of a dis 
turbance of the class which had been termed “ime 
gular,” a number of the largest deflections (reckonsd 
from the mean or normal values in the same month 
and at the same hour) were separated from the whole 
body of the observations for the proposed examination. 
Care was taken that the amount of deflection, which 
should cause an observation to be regarded a» “dit 
turbed,” should be on the one hand so low as to sepa- 
rate a sufficient number of disturbed observations forthe 
deduction of mean effects, whilst, on the other band, it 
should be so high as not to include irregularities of the 
ordinary regular and well-known variations: and that 
the same disturbance-value should be taken throughout, 
in order to insure a just comparison between different 
months and different years, The observations 80 cepa- 
rated were formed into tables both of the numbers and 
of the aggregate values of the deflections (reckoned from 
the normals) according to the years, months, and hours, 
of their occurrence; and the mean annual, monthly, 
and daily numbers, and aggregate values, being severally 
taken as units, the relative proportions of frequency 
and of amount of disturbance, in the several years, 
months, and hours, were obtained. The aggregate 
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amounts of deflection were also divided into “deflections 
on either side of the normal,” and treated in the same 
way. The variation in relative frequency and amount 
in the respective periods being the object of this inves 
tigation, the absolute numbers and values of the sepa- 
rated observations would have no other importance 
than as evidencing that they were sufficiently large to 
justify the deduction of the relative proportions The 
numbers and values would, of course, be larger or smaller 
according as the amount of deflection taken as the mea- 
sure of a disturbed observation were lower or higher; 
‘but it was soon found on trial, that there were always 
certain moderate limits within which this amount might 
be taken indifferently without producing any material 
alteration in the relative proportions. At stations where 
the energy of the disturbing forco was great in com- 
parison with the deflections produced by the ordinary 
‘and regular variations, a larger body of disturbed ob- 
servations could be safely separated: but in no case 
could the separated values be regarded as furnishing a 
measure of the whole effects of the occasional disturb- 
ances; inasmuch as, until some other criterion than that 
of magnitude is known, by which an effect of the par- 
ticular causes now under notice can be discriminated, 
there must always be supposed to be minor effects of the 

By pursuing this method of investigation with the 
observations that had been received from the observato- 
ries of Toronto, St, Helena, and Hobarton (stations widely 
distant from each other on the globe), the same concla- 
sions were Obtained from each, viz. that the disturb- 
ances are governed, in the frequency of their occurrence, 

6 
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and in the magnitude of their mean effects, by severe) 
periodical laws of a highly systematic character, simit- 
ting of well-assured determination. Perhaps the wot 
important of these periodical Jaws is the one which tas 
been honoured by M. de Humboldt’s notice more thas 
once in the present volume, because its discovery first 
established the connection of the terrestrial magnetic 
variations with the periodical variations in frequency 
and amount of the solar spots, thus affording a more 
certain evidence than any which had preceded it, of a 
direct, magnetic influence emanating from the central 
body of our system, and producing phenomena at the 
surface of our planet, in the production of whieh it 
was scarcely possible to imagine that the solar magnetic 
influence acted through the instrumentality of vari 
tions of temperature. The decennial period, as it bas 
been termed (thongh some uncertainty still provails 
as to its precise length), is apparently a solar peried, 
inasmuch as we perceive it to form a recurring cycle in 
the physical appearance of the solar disk, whilst on our 
earth it has no other physical manifestation or accom= 
paniment than those magnetic variations, which in other 
ways also (as in their annual and diurnal periods) mani- 
fest their dependence upon the sun. ‘The epoch of 
greatest obscuration in the solar disk by the dark spots, 
is characterised on our globe by a maximum prevalence 
of the magnetic disturbances, by their greater frequenty, 
duration, and occasional magnitude, and consequently 
by the greater amount of their aggregate effects; whilst 
the epoch of minimum in the solar obscuration is analo- 
gously charncterised by o corresponding minimum in 
the magnetic affections. ‘The decennial period is chown 
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separately by each of the three magnetic elements, and 
has been evidenced alike wherever observations have 
been maintained for a sufficient time to include the two 
opposite epochs of the period, and have been submitted 
to a suitable process of examination. 

The primary connection of the disturbances with the 
gun is evidenced also by the discovery, (which has been 
another result of the mode of investigation referred to), 
that their mean effects, in all parts of the globe and in 
each of the elements, are found to be invariably governed 
by periodical laws, whose period is a mean solar day, 
This is the one feature which is constant, amidst diver- 
sities in. the hours of maximum and minimum of the 
different elements at the same station, and of the same 
element at different stations,— diversities which fully 
account for the absence of absolute correspondence in the 
simultancous movements of the magnetometers at places 
distant from each other, and harmonise with the con- 
jecture of the contemporaneous existence of more than 
n single force. It is in this view especially to be noticed 
that, at the same station, the disturbances which pro- 
duce easterly deflections of the declination, ‘and those 
which produce westerly deflections of the same, have 
distinctly different laws; as have also the disturbances 
which increase and those which decrease the inclination, 
ns well as those which increase and those which decrease 
the intensity of the magnetic force. The laws are in 
all these eases highly systematic, the hours of maximum 
and minimum well marked, and the progression regular, 
There are thus, at each station, six distinct phenomenal 
Jaws of this particular class of phenomena cocxisting, 
and necessarily producing much complexity by their 
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combination; and when to this complexity at ose 
station is superadded the additional complication of 
the diversity of the action of the same forces at different 
stations, an amount of intricacy is produced, which has 
caused the earlier method of investigation, by the com- 
parison of term-day observations, to yield latterly » 
little fruit in proportion to the Inbour which has been 
bestowed in the accumulation of materials, By the 
substituted method, and by taking the stations seps- 
rately, the intricacies are unrayelled; and each of the 
six laws is found to admit of separate determination. 
Although the three stations already named, at which 
this has been accomplished, are too few and too far 
between to furnish an adequate basis for generalisation, 
yet, the measure of success already obtained gives us 
full reason to believe, that by perseverance in the path 
which has been opened, we have a fair prospect of die 
cerning the mutual relations which cannot fail to belong 
to forces having the same origin, as well as of distin. 
guishing more clearly than we are at present able to de 
between forces which have distinct picts and thus af 


sree oe recent addition of the disturbance 
a single element (the declination) at anew 


and suggestive character, existing between the pheno 
mena at Toronto and Point Barrow,—the laws of the 
easterly deflection at the one station being found to 
correspond at the same local solar hours with those of 
the westerly deflections at the other station, and via 
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vored. (There is about six hours’ difference in the ab- 
solute time corresponding to the same solar hours at the 
two stations.) The great disproportion also in the mag- 
nitude of the disturbances at Toronto and Point Barrow 
is most conclusive evidence of the greater energy of 
the disturbing forces at some parts of the globe than at 
others; and leads to the natural inference that at Point 
Barrow we are in close proximity to one of the sources 
from which their actions emanate. 

‘The extraordinary manifestation of concomitant au- 
roral phenomena, and the insight which we have gained 
thereby into the horary laws of their occurrence, and 
into the relation of these laws to those of one in parti- 


cular of the disturbance variations, unite in indicating 
the neighbourhood of Point Barrow as one of the most 
important localities on the globe for the further prose~ 
cution of these researches, 





IIL—On the solar-diurnal variation of the Magnetic 
Declination, 


Uspen the ordinary name of “diurnal variation” are 
usually included several independent variations, distin~ 
guishable apart by their respective hours of maximaand 
minima, and by the characters of their progressions, 
but which unite in one common feature and are thereby 
traceable to one common primary cause; the common 
feature being that, in all, the period of variation isa 
mean solar day. Our first knowledge of these variations 
is obtained by observing them in their conjoint or 
accumulated effects, viz. in the changes of direction 
which they produce in a freely suspended magnet at the 
different hours of the day and night, It is the business 
of the analyst, by various modes of grouping and com- 
bining the observations, to distinguish from each other 
the effects which proceed from different sources, and as 
the first step towards a knowledge of the physical eans- 
ation by which such dissimilar effects are made to pro- 
ceed from the same primary source, to ascertain their 
several phenomenal laws, The investigation which has 
this purpose in view has already made some progress; 
and its advance may perhaps be aided by an endeavour 
to classify the natural facts of which a knowledge has 
thus been acquired. The endeavour must necessarily 
be imperfect, because our knowledge is still but partial 
and incomplete, as well as of very recont acquisition; 
and because we have as yet no true theoretical perception 
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of the agency by which any of the natural effects are 
produced. It may tend also to a better appreciation of 
the difficulties to be overcome, in obtaining a scientific 
knowledge of the phenomena which present themselves 
to the magnetic observer at the first outset, (viz, the 
changes which he perceives to take place in the compass= 
needle in the course of a single day), that it should be 
shown what a variety of effects are combined in those 
changes sometimes thought to be so simple. We may 
commence the classification by describing the principal 
characteristic features of the mean diurnal variation ; or 
the result we obtain when we take an average of the 
diurnal variation observed on every day of the year, 
and thereby eliminate for the moment any systematic 
differences which may belong to different portions of 
the year, 


$1. Mean diurnal variation, 


When proper precautions are taken to protect a decli« 
nometer from casual and non-magnetic disturbances, 
and when means are taken for every hour of all the 
observations made at that hour throughout the year, it 
iw found that there are certain stations on the globe where 
these means show scarcely any notable difference in the 
direction of the magnet at any hour of the day or night, 
Tn conformity with the terms frequently employed of 
“north and south magnetic hemispheres,” such stations 
may be magnetically termed “equatorial stations.” In 
receding from them, either to the north or to the south, 
indications begin to appear of a systematic horary dif- 
ference, #, ¢, a diurnal variation, in the declination, and 
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these progressively augment in are-value, until in the 
middle latitudes of both magnetic hemispheres the 
extent of the varistion, or the difference between the 
extreme easterly and westerly values in the course 
twenty-four hours amounts, on the annual mean, ti 
nine or ten minutes. The deflections, or departures 
from the mean declination are greatest during the hours 
of the day; a circumstance which does not require, 
however, the actual presence of the sun above tht 
horizon, as it takes place also in the arctic circle during 
the polar winter. The extreme deflections occur, in the 
middle latitudes of both hemispheres and in all meti- 
dians, at nearly similar hours of solar time; but with 
of the north end of the magnet,) in the northem 
hemisphere the extreme easterly deflection takes place 
in the forenoon, and the extreme westerly in the 
afternoon ; and conversely, in the southern hemi- 
sphere, the extreme westerly deflection in the fore- 
noon and the extreme easterly in the afternoon, The 
hours of the extremes are, for the forenoon, from 7 
to 10 4.1, and for the afternoon from 1 to’3 vse: the 
change of direction is most rapid from 10 to 11 att 
‘The hours of extreme deflection, or, as they are fre 
quently called, the “turning hours," do not appear to 
depend, as some physicists have supposed, on the angle 
which the magnetic direction may make with the astro 
nomical meridian (viz. on the declination); as the 
hours are approximately the same in places which 
differ very widely from each other in that respect. For 
example, at Dublin, where the declination is 20° west; 
at Prague, where it is 17° west; at Toronto, where it it 
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2 west; and at Point Barrow, where it is 41° east;— 
at all these places the westerly extreme takes place 
within a few minutes of 1 r..., and the easterly extreme 
between 7 and 8 4.16, although the extreme difference in 
the declination is 70°, which is equivalent to a difference 
of between four and five hours in the magnetic azimuth 
of the sun at 1 roa. From the great distances apart of 
these four stations it, may not be unreasonable to infer, 
that the turning hours in which they all agree may be 
found to be approximately the same, (apart from the 
effecta of the occasional disturbances), throughout the 
middle latitudes of the northern hemisphere. When we 
examine the corresponding phenomena of the southern 
hemisphere, however, we find a remarkable difference 
in the turning hours of the middle latitudes, which 
{though not inconsistent with what ix stated in the 
earlier part of this note, viz. that the hours in both 
hemispheres are nearly similar) seems to indicate a 
systematic hemispherical difference of fully an hour and 
a half in the times of occurrence both of the forenoon 
and afternoon extremes, Hobarton is the station, in the 
southern hemisphere, where the hours of extreme de- 
flection have been most securely ascertained, on the 
extensive basis of cight years of hourly observations, 
‘These have given between 9 and 10 a.m, for the time 
of the forenoon extreme, and between 2 and 3 r.m. for 
that of the afternoon extreme. The turning hours ob- 
served by Sir James Ross in his Antarctic Expedition, at 
the Auckland Islands, at New Zealand, and at Sydney 
are in accordance with those at Hobarton, Although 
the hourly oléervations at Sir James Ross's three stations 
were continued but for a few weeks ot each, the results 
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which they have thus yielded are most valuable when 
taken in conjunction with the conclusions from the 
Hobarton observations; which if they had stood alone 
might have been deemed indicative of local peculiarity, 
rather than as affording a distinct hemispherical type. 
In the present state of our knowledge, or rather in oor 
present deficiency of knowledge, no physical explanation 
of such a systematic difference of the turning hours in the 
two hemispheres readily presents itself; and we must 
therefore consider it as particularly desirable that 
further investigation should be made of the correspon 
ing phenomena in other parts of the middle latitude: 
of the southern magnetic hemisphere, 

Besides the deflections which occur during the hours 
of the day there are others, though of much minor 
extent, which occur during the hours of the night 
There is reason to believe that these are in great mes- 
sure if not altogether produced by the occasional die 
turbances; which, as stated in the preceding note, art 
now known to be governed in their mean effects by 
periodical laws, amongst which is one which haw for its 
period a solar day, and has different hours of maximum 
and minimum from those which have been described at 
belonging to the regular diurnal variation, But these 
effects, as well as peculiarities which have been oeea- 
sionally found in the diurnal variation observed in the 
higher latitudes of the northern hemisphere, and whiel 
there is reason to believe are also traceable to the efficts 
of the occasional disturbances in the regions where those 
effects are the most largely developed, will be more 
advantageously treated of in a subsequent section. 
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§ 2. The semi-annual inequality. 


‘The diurnal variation described in the preceding sec- 
tion is that which we find when we take an average of the 
whole year, and corresponds with what we may suppose 
would actually take place throughout the year if the 
sun's path were always in the plane of the equator. 
But observation has made known to us the existence of 
® semi-annual inequality in the diurnal variation, 
having opposite phases according as the sun has north 
or south declination; having consequently its turning 
epochs about the times of the solstices, and disap- 
pearing, as one phase passes into the other, about the 
times of the equinoxe, As far as can be judged 
from the stations where the facts have been most satis~ 
factorily examined, which are chiefly equatorial and 
middle latitude stations, the semi-annual inequality is a 
general phenomenon, and nearly uniform in character 
and amount at all stations, Its principal effect takes 
place during the hours of the day, the extreme deflec- 
tlons occurring about 7 or 8 A.m., and from 1 to 2 ron; 
the north end of the magnet being deflected in the 
forenoon to the east when the sun in north of the 
equinoctial, and to the west when he is south of 
it; and, conversely, in the afternoon to the west 
when the sun is north, and to the east when he is 
south of the equinoctial. In other words its effect 
ix, —when the sun has north declination to cause the 
north end of the magnet in both hemispheres to be 
more to the east in the forenoon, and more to the west 
in the afternoon, than it would otherwise be, —and 
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when the sun has south declination to canse the north 
end of the magnet in both hemispheres to be more te 
the west in the forenoon, and more to the east in the 
afternoon, than it would otherwise be. The range of 
deflection from one solstice to the other ix about 3’ or 
4’ at the extreme or turning hours; and the daily mage 
from the forenoon to the afternoon is throughout the 
year also about 3’ or 4’, except about the equinoxes when 
the opposite phases pass intoeach other. The transition 
from the one phase to the other takes place rapidly, 
and is nearly completed a few days after each of the 
equinoxes, 

We may now consider the general effect of the super- 
position of the semi-annual inequality upon the meay 
diurnal variation stated in the preceding section. Ib 
the middle latitudes of the northern (magnetic) bemi- 
sphere, the eastern extreme of the mean diumal varia- 
tion has been described as being reached about 7 or 8 
Am, and the western extreme about 1 or 2 rat; the 
mean range during the year being about 9’ or 10: 

in the middle latitudes of the southern (mng- 
netic) hemisphere, the contrary extremes are attained 
nearly at the came hours; and the mean range is the 
same, or nearly so, Now, as the range of the semi- 
annual inequality is less than 9/ or 10/, its superpo- 
sition upon the mean diurnal variation in the middle 
latitudes in either hemisphere does not alter the ola- 
vacter of the forenoon or afternoon extremes in any 
part of the year, but it does alter their amouwih 
During the greater part of the half year in which the 
sun has north declination, the semi-annual inequality 
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described in this section has the effect in the northern 
hemisphere of increasing both the forenoon easterly and 
the afternoon westerly deflections, and in the southern 
hemisphere of decreasing both the forenoon westerly 
and the afternoon easterly deflections—and during the 
greater part of the other half year in which the sun has 
south declination, the semi-annual inequality has the 
opposite effects, i.e. in the northern hemisphere, it 
decreases both the morning easterly and the afternoon 
westerly deflections, and in the southern hemisphere, it 
increases both the morning westerly and the afternoon 
easterly deflections, The apparent complexity of the 
phenomena which we have described is occasioned by 
the remarkable difference which takes place in the mode 
in which the sun’s influence is exercised in producing, 
1. the mean diurnal variation, and 2. the semi-annual 
inequality of the same. In the first the directions of 
the deflection are uniform throughout the year in the 
middle latitudes of the one hemisphere, and (although 
opposite) are also uniform throughout the year in the 
middle latitudes of the other hemisphere; whilst in the 
semi-annual inequality the directions of the deflection 
are uniform in the two hemispheres, but opposite in the 
two half years. Thus in each hemisphere the semi- 
annual deflections concur with those of the mean di- 
urnal variation for half the year, and consequently 
‘ugment them; and oppose, and consequently diminish 
them in the other half year. 

Woe have next to consider the effect of the super- 
position of the semi-annual inequality at the magnetic 
equator and adjacent stations, using the term “mag- 
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mena of the semi-annual inequality is in no way in+ 
consistent with the ingenious hypothesis suggested by 
the late Dr, Langberg for its explanation (Proc. Royal 
Socioty, vol. vii. p.434), The epoch of the transition from 
| the one semi-annual phase to the other certainly takes 
Place about the time of the equinoxes, but it cannot be 
| said that observation has yet defined the precise day of 
| the transition at either equinox, 
‘The important question next presents itself, by 
| what other geographical or magnetical peculiarities ix 
| the line distinguished, which we may regard as the 
| gero-line of the mean diurnal variation, and where 
| consequently the semi-annual inequality constitutes the 
| sole subsisting diurnal variation? The places which 
| first made known to us these characteristic phenomena 
| of a magnetically-equatorial station were St. Helena 
| and the Cape of Good Hope. Both are situated near 
| the line of least magnetic force on the surface of the 
| globe. This is a line encircling the globe, passing 
through aod connecting the points in each terrestrial 
meridian where the magnetic force is least in that meri- 
dian: it is not therefore itself an isodynamie line, but 
divides the surface of the globe into two hemispheres, in 
each of which the magnetic force progressively increases 
on either side of the dividing line, until the isodynatnios 
form lemniscates around the two foci of maximum 
force in each hemisphere. In this respect it has a 
elaim to be considered as a magnetic equator; and its 
clan will be greatly strengthened if it be identified, as 
weems probable, with the zero-line of the sun's mean 
diurnal influence on the globe. It would be super- 
fluous to dwell on the obvious theoretical importance of 
YOL, 1¥, z 
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establishing decisively, by observations st a suffciest 
number of well-selected localities, whether this line of 
least force, or some other line which acconding to me 
rious hypotheses might be deemed to have a preference, 
be really the zero line of the mean diurnal variation; viz 
the line in which, apart from the semi-annual effect pro- 
duced according as the sun has north or south declination, 
the diurnal variation disappears, and in which the semi- 
annual effect also disappears about the times of the 
equinoxes,—but only then. Those who incline to aseribe 
all the minor magnetic variations, and prominently 
amongst them the diurnal variation, to thermic ageney, 
or to thermo-electric currents generated on the surface 
of the globe or in the higher regions of the atmosphere, 
might, according to distinctions in their particular views, 
be disposed to prefer either the terrestrial equator, or 
some variable line, such as “the parallel of latitade 
which has the sun in its zenith,” as the most probable 
line from which effects should commence, which are 
supposed to proceed from the more heated to the 
less heated portions of the globe. Amongst thow 
who, on the other hand, might deem it more pro- 
bable that effects which are in themselyes magnetic, 
might have a reference in their distinguishing pheno 
mena to characteristic lines of the earth's magnet 
ism, there would doubtless be many who would be 
disposed to give m preference to the line of no dip, 
so frequently termed the magnetic equator, In such 
important questions we naturally desire it 

evidence; but this we scarcely as yet possess, though 
the facts already known appear to point most distinctly 
to the line of least force as meriting a decided preference. 
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The station, St. Helena, which first placed in a clear and 
unmistakable point of view the peculiar features of the 
semi-annual inequality, and the at least approximate 
absence of any other diurnal variation, is in 15° 56’ south 
latitude, and has a magnetic dip of 22°, ‘The distance, 
therefore, is considerable, both from the terrestrial 
equator and from the line of no dip; and in respect to 
the wun’s verticality, he is in the zenith of St, Helena in 
the first week of November and the first week of 
February, whereas the equinoves are the epochs when 
the opposite phases of the semi-annual inequality pass 
inte each other, and all diurnal variation disappears 
On the other hand, St, Helena is situated in the close 
Vicinity of the present position of the line of lvast force, 
which, in consequence of the great distance apart (in 
‘that quarter of the globe) of the two foci of maximum 
force in the southern hemisphere, has a large southerly 
inflection, and passes between St. Helena and the 
Cape of Good Hope, but somewhat nearer to St. Helena. 
The Cape of Good Hope furnishes still stronger evi- 
(lence to the same effect: the phenomena are similar, 
indeed nearly identical with those at St. Helena, mark~ 
ing the Capo distinctly as a magnetically-equatorinl 
station, whilst its geographical latitude is 33° 56’, and 
its dip 63° (very distant therefore from the line of no 
dip), and the sun is not vertical in any part of the year. 
A very instructive contrast is presented when we com- 
pare the diurnal variation at Algiers and at the Cape of 
Good Hope; the two stations are at opposite points of 
the same continent, Algiers in 36° north, and the Cape in 
4" south latitude, and are therefore nearly equidistant 
from the terrestrial equator: and as the dip is 57° north 
22 
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at Algiers, and 53° south at the Cape, they are also bath 

very distant (and nearly equidistant) from the line of 

dip. But while their situation is thus nearly symmetrial 
in regard to distance from the equator and from the line 
of no dip, it is much otherwise in respect to the live of 
least force, which enters the African continent only a little 
to the north of the Cape of Good Hope, and at a vty 
much greater distance from Algiers. Now, at the Caps 
the semi-annual inversion of the hours of extreme 
easterly and extreme westerly elongation is a very 
decided feature, searcely leas so than at St, Helen 
When the sun has south declination, the extreme 
westerly elongation is in the forenoon, and the extreme 
easterly in the afternoon; and when the sun has nortli 
declination, the converse takes place both in the fore 
noon and afternoon, The Cape thus possesses this 
peculiar character of a magnetically equatorial station 
Ab Algiers, on the other hand, the extreme ossterly 
elongation is, throughout the year, in the forenoon, abil 
the extreme westerly in the afternoon. (Aimé: Explor 
Sei. de V'Algérie, 1846, & ii. p. 218.) Algiers: haa nel, 
therefore, this character of a magnetically equatonal 
station ; whilst the Cape has it. Again, at the Cape, 
when the semi-annual inequality is eliminated, (by 
taking a mean of the two half-years so that their oppe 
site deflections may counteract each other,) the residual, 
or mean diurnal variation is extremely small, and is such 
as corresponds to a station very little removed from the 
line where it would vanish altogether; whilst at Algiers, 
the mean diurnal variation has a range of about 7% 
(Aimé, p, 19), which is little less than at Toronto or 
Hobarton, Thus, in this respect also, Algiers bas the 


ia 
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character of a middle latitude station, and the Cape, that 
of an equatorial station. 

‘The facts thus cited seem to be quite irreconcilable 
to the thermic or thermo-electric-current hypotheses; 
and not less so to M. Arago’s belief that the diurnal 
variation would be found to have changed completely 
“du moment od le soleil a passé d'un cdté du zenith & 
Yautre:” nor do they sanction the opinion that the line 
of no dip should be regarded as the magnetic equator, 

It seems to follow from what has been said, that a 

“physical explanation of the facta of the semi-annual 
inequality will have to account for the epochs at which 
the half-yearly phases poss into each other, which 
epochs appear to respect the sun’s passage of the geo- 
graphical equator,—and also for the terrestrial distri- 
bution of the phenomena in question, which appears to 
respect the magnstical equator, or the line of least 
magnetic force. “i 

Tt ins been stated above, that the turning hours, or 
hours of greatest easterly and greatest westerly deflection 
of the semi-annual portion of the diurnal variation, are 
from 7 to 9 4.m., and from noon to 2 rw. On purening 
this correct general statement into still more prectie 
details, we find, within fhe above-named limits, a re- 
markable difference between the two half-years, strik- 
ingly analogous to a similar difference pointed out in 
the preceding section, as existing between the exact 
turning hours of the regular solar-diurnal variation in 
the two hemispherca. When the sun is in the northern 
signs, and the direction of the movement pertaining to 
the semi-annual inequality agrees with that of the 
regular solar-diurnal movement throughout the year in 

23 
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the sorthem magnetic hemisphere the times of the 
semi-annual meqnality cunement ame systematically 
eariier than in the opposite half-year. whem the sun 
fm the suothern signs, amd whem the directum agra 
with that of the regular solar<iicraal movement of the 
wonthern hemisphere: jnst as the times of the regular 
eolar~iiurnal movement are throaghout the year earlier 
in the sorthern than in the soathern bemisphere in 
this minor detail, as well as im the bromder features, vt 
and differences. The distinctive character of the te 
half-years is seen in its simplest form at magnetically 
constitutes the sole diurnal variation (during the hou 
of the day). It is well shown (in the forenoon extreme 
particularly) in the Phil. Trans 1847, Art. VL Plate 
3 nnd 4, where the analogy with the hemispherical die 
ference of the regular solar-diurnal variation fs alw 
pointed out. It seems, as far as can be yet judged, to 
be a general and systematic natural feature, and one tod 
important to be safely overlooked by those who ar 
variations, 


.§ 3.—Dinrnal Variation caused by the Disturbance. 


Ir has been stated in Note IL, that amongst the perio 
dical Jaws by which the mean effects of the disturbances 
are governed, there is one which has for its period a 
mean solar day. We have still, therefore, to consider 
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the additional complication which is occasioned by the 
superposition of this disturbance-diurnal variation upon 
the variations treated of in § Land § 2 Respecting 
the disturbance-variation generally, it must be noticed 
in the first place that, although it presents at each of 
the stations where it has yet been examined, the same 
characteristics of a regular, systematic, and easily deter~ 
minable progression, with well-marked hours of maxima 
and minima, these hours, unlike the turning hours of 
the variations treated of in the two preceding sections, 
vary at different stations apparently without limit. It 
had been at one time inferred from observations at a 
European station, “that the disturbance-variation has 
always the same direction as the regular solar-diurnal 
variation, and thus the disturbing forces tend only to 
increase the action of the forees which produce the 
solar-diurnal variation ;" this conclusion, perfectly well- 
founded as regards the evidence derivable from one 
station, may bo met with equal truth by an exactly 
opposite one at another station, For example, at two 
places on the American continent, Toronto and Point 
Barrow, the regular solar-diurnal variation has the same 
turning hours, and the same direction at both stations, 
But the disturbance-variation turns, indeed, at both 
stations, nearly at the same hours, but does so in oppo- 
site directions, the greatest westerly extreme of the 
disturbance-variation at the one station being reached 
nearly at the same hour as the greatest easterly at the 
other station, and vice vered; so that at one station the 
two variations (as in the European case above referred to), 
agree with and reinforce each other; while at the other 
‘tation they oppoze,«and, to’a certain extent, counteract 


_— 
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each other. There seems reason to believe that the general 

characters of the regular solar-diurnal variation, in regan 

to the hours of its easterly and westerly extremes, an 

the same in all the extra-tropical portions of the sunt 
magnetic hemisphere; whilst in the case of the distur 
ance-varintion, it seems probable that every diversity 
in the times of occurrence of the turning-hours may te 
found in different localities, The stations at whic 
these laws have been elicited are not yet sufficiently 
numerous and varied to afford sufficient indication ¢ 
the mutual connections, or of the geographical or may- 
netical relations, which may possibly hereafter be traced 
and throw additional light on the nature of the csuse# 
concerned, The easterly and westerly disturhanc 
deflections at the same station have also distinct laws ¢ 
diurnal variation, which appear to have no necesmy 
or determinate relation to each other, and are only te 
be learnt, like their conjoint effects, by examination 
‘The determination of these effects with a view to thelr 
elimination, is a first step towards a true presentation of 
the phenomena of the vegular diwrnal-variation, ina 
much as prior to such determination we cannot antici 
pate, with any degree of certainty, at what hour of tht 
twenty-four either the easterly or the westerly extrem 
disturbance-deflection may be found : nor, in referencs to 
the mparative magnitude of the distarbance-yariatice 
and the variation from other sources upon which it 
superposed, can we with confidence affirm more than 
that the disturbance-variation may be expected to be 
smallest at magnetically equatorial stations,—quite sufi 
ciently large in the middle latitudes to exercise fre- 
quently a very perplexing influence on results from 
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which it has nob been eliminated,—and in still higher 
latitudes (more particularly when we approach the 
localities from whence the disturbances appear to ema- 
‘nte), so great as to mask altogether the diurnal vari- 
ation proceeding from other sources. 

Tt has been stated that tho principal deflections 
caused by the diurnal variation in the course of the 
twenty-four hours, are those which take place during 
the hours of the day. We have now to consider the 
minor phenomena that occur during the hours of 
the night. The progressive march of the declination- 
magnet from the extreme elongation which it reaches in 
the early hours of the afternoon to its opposite extreme 
reached in the forenoon hours of the following day,—(a 
movement of the north end of the magnet from west to 
east.in the extra-tropical parts of the northern magnetic 
hemisphere, and from east to west in the same parts of 
the southern magnetic hemisphere,}—is found to be 
interrupted in both hemispheres by a minor retrogres- 
sion (of variable duration); after which the previous 
direction is resumed. The phenomenon of this “ noc- 
‘turnal episode,” as it has been not inappositely called, 
‘appears to have been first observed and noticed by 
M. de Humboldt himself, in conjunction with M. Gay 
TLumac, at Rome, in 1805 (p. 127); but although « very 
important feature, it seems to have been unaccountably 
Jost sight of, for it is wholly unnoticed by M. Arago in 1836 
(Annuaire, p. 283), when stating in detail the diurnal 
march of the declination in the northern and southern 
hemispheres, On the reception at Woolwich of the 
earliest observations of the British colonial observato- 
ries, it was at once perceived, from the examination of 
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the records at Toronto and Hobarton, that the na 
turnal retrogression is a persistent feature in both 
hemispheres,— and it was at the same time recognian 
that the hours at which this interruption of the other 
wise apparently regular progression took place, wert 
those which were most affected by the disturbancs; 
and that (in both hemispheres), the interruption 5m 
precisely such as might be occasioned by them, and 
might consequently be made to disappear if thelr 
influence could be wholly eliminated, The following 
extract from the first volume of the “Toronto Obser- 
vations,” published in 1845, will show that anch wasthe 
view taken even at that carly period. “The influence 
of the disturbances must now be regarded as a regular 
component part of the diurnal variation itself (mean 
quantities being considered). They now, therefor, 
pass from the domain of that portion of the obserred 
phenomena to which we give the name of nceidental 
irregular, (from our present ignorance of the laws whieh 
regulate them), to be classed with the other portion is 
which we recognise laws of order and succession, though 
as yet we may not be able to assign either causes or 
precise numerical values, On the one hand we cannot 
with propriety overlook their influence on the diuraal 
variation, because though they are of only occasional 
occurrence, they yet form a permanent and regular 
part of its mean value; diminishing (in mean values) 
the easterly direction of the north end of the mag- 
net in the forenoon, and increasing it in the evening. 
On the other hand, it becomes an object of much 
interest to learn what portion of the diurnal variation & 
thus due to what 1s apparently an effect of @ distine 
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and special cause, and how the residual portion of the 
variation would be affected by its separation; and this 
interest is increased when, even on a slight examination, 
we perceive that the hours which are chiefly affected by 
disturbance are those hours of the night when the con- 
tinuous, and otherwise regular, easterly progression of 
the diurnal variation suffers interruption, occasioning a 
double, and even sometimes in the winter months a 
triple, alternation of easterly and westerly movement.” 
(Tor, Obs. vol. i, p. xxi.) 

‘The view thus curly taken has been strengthened by 
the results of the observations in succeeding years, The 
third volume of the same work contains a discussion of 
the diurnal variation obtained from five years of hourly 
observation at Toronto, wherein it is shown (pp. Ixxxvi 
—lxxxix) that when all the disturbances are allowed to 
remain in the body of the observations, the nocturnal 
westerly retrogression commences a little after 9 p.m, 
and the easterly point which the declination had reached 
at that hour is not regained until after 4 a.., having 
boon at 2 pat. 0.7 west of that point: but that, when the 
larger disturbances, or those which equalled or exceeded 
& on either side of the mean or normal at the same hour 
in the same month, are eliminated, the westerly retrogres- 
tion is diminished in duration to the interval between 11 
p.m, and 3 a.m, and in value to 0-19 at 2 P.w.; and fur- 
ther, that if we proceed on the assumption that by ab- 
stracting the disturbances equalling or exceeding 5’, we 
may have eliminated half of the whole influence of the 
eanses to which the larger disturbances are due (which 
in certainly no unreasonable supposition), the westerly 
retrogression becomes almost wholly obliterated, and the 
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residual diurnal variation is virtually « single progresica 
with but one maximum and one minimum, 

The belief that the “ nocturnal episode” is, in grat 
part, at least, if not wholly, the effect of the disturhasoss 
is further strengthened by the analogous fuets of th 
diurnal variation of the total magnetic force at Toreata, 
discusned in pp. xeiii—xev of the same volume. Whe 
the diurnal variation of this element is obtained frm 
the whole of the observations, including the distr 
ances, two well marked maxima and minima appear is 
the twenty-four hours; but by eliminating the disturl- 
ances in a greater or less degree, by a process similar W 
that adopted in the declination, one of the two maxims 
and one of the two minima diminish in proportion to 


the degree in’ which the disturbances are removed, 
giving full reason to believe that by eliminating their 


nce altogether, the residual diurnal variation would 
uced to the simple form of a single progression is 


twenty-four hours. 

There is also reason to believe that the supposed anc 
-malies in the turning hours of the diurnal-yariation whieh 
have been observed in the high latitudes, and whieh are 
yi toin pages 129 and 130 of this volume, are pro 

by the disturbances, At the only station in the 


, viz, Point Barrow (Phil. Trans, 1857, Art xin), 
ct of the separation has been to remove the mask 

the true features of the solar-diurnal variation 

were concealed, and to restore its turning hours te 
accordance with the order of the phenomena observed 


generally in the same hemisphere, 





@) p14 —Konmos, BA. 8. S107 (English edition, p. xv. Note 94)) 
compare also Bd, fi, 5. 464 and 508 (English edttion, p, txxvili, and exiii.). 

©) pr 18.—" La bl de Tattraction réeiproque an carnéde ta distance ext celle 
tea demmnations qui yartent Wun contre, Elle paratt tre 1a loi do toutes tex 
forten dent Traction se fait apercervir & dea clirtances sensibles; comme on I's 
resonmm dans Jes forces dlectriques ot magnétiques, Use des propridtds ro 
manquables de cette lei est que, ti les ditmrrsions de tons les corps de I'onivers, 
‘Ture distazces mutuelles et leurs vitemes vecaient A croftre ou & diininwer 
‘proprticanellement, ils décrieaient des courbes eatitrement semblabiles h celles 
que déerivent: en sorte que I'antvers, réJuit ainsi successivement Jnaqu'ai plus 
petit wxpace femgieable, offirais toujours les rntimes apparences aux oleerratears. 
Cos npparences sont par conséquent indépendantes des dimensions de lunivery, 
sont, om vert do Ia loi de ta proportionnlité de la force i In vitense, elles sont 
fmddpeodantes du monvernert absolo qui peat y avoir dane Iewpace,” Laplace, 
Exposition da Syst, du Moods (5™* 43.), p 985, 

© B 1%, —Ganas, Bestimmung dos Dreitenuntersehiedes xwitehes dea 
Sterwwarten vou GUttiegen und Altona, 1828, 5.73, By a singular accddent, 
the two observatories aro, within less than the with of a house, in the sane 
mmerifian, 

(1) pe 18. —Bowel, ther deo Einfluss der Unregelinssigheiten dee Figer der 
Ende auf geeditische Arbeiten ued ihre Vergleichung mit mstrenemischen Bee 
wlameungen, in Schamachee’s Astron, Nechr,, Bi xiv, No 329, 8 270; apd 
abo Bemel and Bieyer, Gradmesung in Ostpressen, 1838, $. 427—442. 

(*) pe 20—Beusel, ter den Einficas der Vernnderungen des Erdktepers ant 
die Pelbites, in Lindenau and Bolmenberger, Zeitechrift flir Astronemie, Bd, ¥. 
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1818, 5,99 “The weight of the Earth expressed in pomnds = 9032 «10, 
ed the suppoved displaced miss = 947. 1094" 

(*) p 20.—The theoretical investigations of that period wars felled by 
theoe of Maclantin, Clairaat, D'Alenbert, Legendre, and Laplace; te ther 
ahould be added the theorem peupeunded in) 1836 by Jacobi: that elipalde 
having three unequal axes may, under certain conditions, be ax good * Scent 
of equilibrinm ns the two earlier assigned ellipeoids of revolution.” ‘See, i Pag- 
gendor(f's Annalen dee Physik und Chemie, Bd, xsxiil, 1894, 8. 229-25) 
the memoir of Jacebi, remored by am early death from Dis felens asl ab 
irom. 

(CD p. 21.—The first exact comparison of a considerable mnmber of meman 
ments of arcs (i the Quite, two Indian, French, English, am semi 
Lapland ares) was usdertaken, with much access, in 1819, by Waleck el 
Abo, Ho found the mean values of ry for the elliptlelty, and S7000}758 
for the length of « mean degree of the meridian, ‘This memoir, ‘entiint "Dr 
Forma et Magnitudine Telluris;" bas net, enfortunately, been pebtished eatien (ll 
the recommendation of Ganss, Eduard Schmidt, in is valnsbie “ Léhcbeck" sf 
mathematical geography, has repeated the investigation witty ieproweumts 
taklag into account tbe higher powers of the ellipticity ms well as te lati 
choerved at intermediate points; and adding the Hasoverian arc, andthe pode 
gation by Biot and Arago of the French are to Formentera. ‘The emits walt 
siccomaively mece perfect, were published io three formas in Gasas's * Bextor 
mung der Drelteauntersehiede von Gittingen umd Altona,” 1628, 8.42) it 
Eduard Schmidt's“ Lebrbuch der mathem. und phys, Geogeaphie,* 1889, Tht 
S 183 and 1941995 and lastly, in the Preface te the same hock, & ¥ Tt 
final result is: Degree of the meridian, 57008653, ellipticity, shes. ‘Basel 
first Investigation was immediately preceded (1890) by Alry's fenportaat Bk 
moolr ca the Figure of the Barth in she Eneyclopiedia Metropolitana, yx 280 atl 
239, in the edition of 1849 (Seeni-polar axis, 2OBGBIO feet == SUOHIE? 
tolses ; semi-equatorial axis, 20029713 feet = $272095°9 tien; mull 
quadrant, $2911980 feet = 51912080 tolses; elliptiedy, gig) Oe 
arvat Konigsberg eatrusomer, Bessel, waa constantly ecoupled frm 1896 
1842 with calealations en the figere of the Earth, snd as lis earlier intestigh 
tions were amended aad ionpeored by later oes, the mixture ef results ohtiin! 
At differext times bas borome a fertile source of error in many writings, Jett 
case of numbers, which are, by their ature, mutually dependeat wm tea allies 
this kind of confusion, aometi¢es made worve by imeorreet reductlie of meneame: 
(telses, stews, Esglinh feet, and miles 60 or 69 to wa equatorial degree); is the 
more to be regretted as it causes enquiries which have cost mmagh lsbesr sal 


= 





‘time to appear in a disadvantageous light. In the summer of 1837, Bewel 
podlished two memoirs; one on the inflnence of tho irregularities of the Earth's 
figure on geodesical measurements, and their comparison with astronomical de- 
terminations; and the other on the axes of the elliptic spheroid of rotation which 
would correspond best with the existing measurements of arce of meridians, 
(Seba. Astr. Nach, Bd. xiv. No, 329, $269, and No, 333, 5.345) The 
‘resalts of the calculation were:—Semi-major axis, 3271959°654; semi-minor 
exis, 9261072-900; length of a mean degree of the meridian, & ¢ the ninetieth 
part of a quadraat of the Earth, in the direction perpendicular to the equator, 
STORING. An ervor of GH toises, discovered by Puissant, in the mode of 
‘esloulation employed: by a commission of the French National Institut, 1808, 
|i determining the distance of the pamliets of Montjouy, near Barcelans, 
aed Mola, fa Pecroenters, oocasioned Bessel to subject his first work om the 
dimensions of the Earth to a fresh revision, in 1841. (Schum. Astr. Nechr, 
Bd, xix, No. 435,S.97—116.) ‘The revision gave for the length of the Barth's 
quadrant 5191179°8},—(5130740 tolses had been supposed lo the first de- 
termmiaation of the metze)\—anil for the mean bength of a degree of the meridian 
STOIS™L09 (Leing OG11 more thas the degree of the meridian ia 48° lat,). 
‘The numbers given in the text are the results of this, Bessel’s last detorininne 
tion, ‘The lecgth of 5131180 tcieen as the quadrant of the meridian (with « 
mean error of 255°63), is equivalent to 10000856 metres; making the entire 
‘elrommlerence of the Earth 4000423 metres (or 5390-98 Germaa, or 21549°02 
| Roglishh geographical miles). The difference from the original assumption of 
‘the Commimicn des Poids et Mesures, scoording to which the metre shoal be 
‘the 40-millicceth part of the Earth's clreamferencs, amounts, therefore, for the 
‘clooumference, to 3423°", oF 1756°27, ¥.¢ 0-46 of » German, oF 184 of an En 
gllah geogmphical mile. Acconting to the earliest determiontions, the lengths of 
thee metin wae Exod at O'S130740; ncconting to Bessel’s latest determination, it 
should be 06131180. The difference for tha length of the metre is theee(ore 
0-038 Waris lines, making lt, necording to Bessel, 443334, instend of 449296 
| Pathe lines, which 4s its present legal value, Compare also on thie to-talial 
* natural standard,” Faye, Lepens de Conmigrnphie, 1852, p. 93. 

(1) p 23.—Airy, Figure ef tho Barth, in the Bneyel. Metrop. 1849, p. 214— 
216. 


©) p23. — Bigs, Aste. phyrique, & i p 482 and till, p 482. A very ex 
‘nck ammasuretnent of a parallel aro has been made by Corsboraf, Deloros, and 
‘Deytier, om the “ Parallel of the Chaks of the Pyrenees ;* a work of the greater 
lunpartance beewnso it has Jed to the ceenparisca of the levels of the Mediterra+ 
mean and the Atlaxtic. 
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(19) p. 24.—Kestnos, Bd. 1. 8. 175 (Enptah elitlen, p. 258} * est ee 
remarquable qu’ah natrenome, sans sertir de soa observatoine, <= cuepanet 
seulement ses observations & Tanalyse, elt pa déterminer exactement bs pm 
dene et Iuplatissernent do ts terre, ot su distance em pelea) ef & ta ben, diet 
dont Ia connnissance a 6 Ye frait de longs et pénibles voyages dane les Geax 
hémisphires, Ainsi ta lune, par Tobservation de ses micuvements, rent penile 
1 Yastronomie perfecticnnée Fellipticité de tn terre, dont: ele fit ccm be 
rondewr wux premiers sstrenomes par ses éelipees.” (Laptace, Expos te St 
du Monde, p. 290.) We have alrendy noticed, bn Ba, til S499 and 540 (le 
lish edition, p. $55 and exxvii), wn abnowt amalogems optical proposal ot Acs 
founded on the remark that the intensity of the ash-cnlomred light (i « fie 
“ carthlight” on the moon) might informn ws xa to the mean atate of tresepamey 
of the whole of our atmosphere, Compare also Airy, im the Reayel, Maroy p 
189 and 236, on the determination of the Rarth's ellipticity fev the soe 
movements, and p. 231—935, on dedueticas of the art's llipticaty fhe the 
observed magnitudes of precession and natatien, “According to Bist, percewr 
and notation could only give for the ellipticity Memitary wales (ab, amd yh), ery 
distant from each other, (Astrom physique, 9* 4. t. Uh. 1844, p. 46%) 

(") p 24.—Laplace, Mécanique odleste, 61. do 1846, tev, 1G amt 5. 

C8) p Mh— Kosmos, Bd. i. S. 491, Atm 2 (Eingliah ellition, py al, Seer 
131). ‘The application of the Isccheonism of the vilentions of pemtuban i 
Arabian astronomical writings was first made knows by Edwant Nersarh is 
England, See his letter from Oxford, Apuil, 1683, to Dr. Robert Hunthagtin 
Dubie, (Phil. Trans vol. sil. p. 667.) 

C) p. 24—Frivet, de Erode de la Phileooplée anclenney in the Mike & 
TAcad, des Enser. t. xvlll. (1753) pu 100, 

(4) p25. —Pieard, Mesure de le Terve, 1672, wrt 4. Th is Bandy probable 
that the conjecture expressed at the Paris Academy before 1671, of « veriatler 
of tho intensity of gravity with the latitade (Lalande, Astronomia, tL p 20) 
2668), should have belonged to the great Huygens Huygens bad inten! p> 
sented lis " Discours sur ta canse dela Gravité” to the Acadeny in 4060 5 tt 
not, however, in this memete, bat f= the “ sdditamentls,” ne off whieh emt bart 

boon completed after the appearance of Newton's Principia, as it sefacs to h— 
‘therefore, after 1687—that Huygens speaks of the shortening of the seceets pet 
‘dulum observed by Richer at Cayenne, He eays: “Masi pare bejees ihell 
ocripta ent, cam Lutetie degerem (to 1681), ad cam weque Jooum, wld de ale 
too, que pendulis accldit e motu Terr.” Compare the explanation give by 
me in Kosmos, Bd, i 5. $20, Antn. 2 (Beglih edition, 7 exxe, Note Seth 
The observations made by Richer at Cayenne were net pulliahed! wauell tally 
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‘yours after his return, and, what is more surprising, n0 notice of his Smportaut 
doable ebservation, of the clock pendulum and of a simple second’s pendulum, 
Grenes fis the Proceedings of the Académie des Inscriptions during this long ine 
‘tirval. Wo do not keow when Newton, whose earliest theoretical speculations 
@ the figere ef the Earth were antecedent to 1665, fire became aware of 
‘Richer’s rewelis, Picanl's wre measurement, although published in 1673, enly 
seamne Very late (1082), and indeed accidentally, in contersation at a meeting of 
‘the Troyal Society, to Newton's knowledge 11 exeecised, ns Sir David Bremater 
‘Bae shown (Life of Newton, p. 152), an exceedingly important inflaence on his 
‘Hetersination of the Kasth’s diameter sod the relation of the fall of bodies on oar 
Planet to the force which goreens the moon in ber course. Wo may wuppeve a 
stuallar Tadfuence to have been exercised on Newton's ideas by the knowledge of 
the elliptic figure of Jupiter, which was steognived by Cassini previous to 1666, 
Wut fiest described by hisn in 1691, in the Mémoires de Académie des Scietes, 
RIL P 108, May Newtén have knows anything of nn earlier publication, soins 
‘wheeti of witch wore seen by Lalande in Maraldi's hands ? (Compare Lalande, 
Astr, t li p. 595, § 9945, with Brewster's Life of Newton, p. 162, and Kes 
toes, BL 1, 8 420, Anm. 99; English edition, p. xlil. Note 129.) Im the cons 
temporunsous labours of Newtoa, Huygens, Picand, and Cassini, the great delay 
‘fe prdlication which was then customary, and the frequent accidental delays bn 
commualeations, render It very difficult to arrive at any well-assured traces of 
the transinittanse or exchange of seientitic ideas, 

(C4) fF 26 —Delambre, Base da Syst, métrique, t. ili p S48. 

(7) pth —Koemeos, Bd. i S422, Anum. 3 (English edition, p xiv. Noto 
1393); Plans, Opéraiiuas gfoddsiques et astrensadques posr la Mesare d'un Aro 
da Paralidie mayen, t. IL p $47 y Carlini, in the Edfemerii astronomiche di 
Midane per Tamso 1842, p. 97. 

(") p 26—Compare Dict, Astronomie phyabyee, t. fi. (1844) p 466, with 
Komen, Bd, £8. 424, cad of Ann. 3 (English olition, Note 133), and Bd. fil, 
SL 452 (English edition, p. 310), where I notice the diffeulties whith the coms 
pacisen of the planet's time of rotation with its observed ellipticity presents, 
‘Behubert (Astros. Th. i. S. 316) bed called attention to this diffoulty, Breswol, 
dnt bls srmnsolr" Vator Mansa und Gewicht,” says expressly that “the assump 
then of gravity remainlag always the saupe at a place where it has been cbuerved, 
‘Appetzn in seme dogree uncertain, from the knowledge we lave acquired of the 
thew changes of level of comiderable portions of the Earth's wnrface.” 

(77) p 26-—Alry, in bis excellent Memoir on the Figure of the Karth (Beeycl. 
Metrop. 1849, p. 229), counted, in the year 1830, fifty different stations nt which 
wellamused rewnlis bed been obtained; and feurteea others where the results 

aa 





(obtained at eariier periods by Beuguer, Legeotil, Lacaiile, Manperties, ao! Li 
(Croytee) could net be locked upon us baring nearly the same degree of ‘eat 


Saal 

(7) Pp 28 —Biee sued Argo, Recueil @Obsery. Réoddeiques ee aatieeontjms, 
YER], P 526—S40, amd Biot, Traité a Aste, phys, t ii 1844, p 465S—475 

(7) p 28 —Idem, p 488, Sabine (Exper, for determining the Variatie be 
tte Length of the Pendulum vibrating Secends, 1825, p. S59) fmt ts Ws 
‘Dirtoon stations, so widely dieperned over the perthern emigpherd, 2s ; it 
foven the same with the addition of all the pendalum stations of the British Se- 
vey and of the French are the meridian (from Formentiern 
‘he compares therefor, inal of 25 pita of sbeerration — abzoit the mae 
wall, vin. gicy At a comsblersMe distance from the above 
co the two sides of the Atlantic), the pendalum lengths fond Ga tle wmeeiiians 
Petropanlowshi and Sika, give, as Latke has remarked, a stilt unui Myler 
‘ellipticity « ghp Bessel, with bis pecolinr Incidity, ans shown amlytiealy, te 
‘bis investigations on the length of the simple secebd’s pendulum (5. 32, 63, sil 
126—129), bow Ure theory of tbe influence of the air surrounding the pendalen 
‘which was previeusly generally received and employed, Sesds to un ernie is ett 
culation, and reuders a correction necessary, ea account of the difference of the les 
ef weight of sathd bodies whes they are immocraed ia & nid, eltber fmm sate ® 
repose or in vibeatlos, Sach a ccereetion was somewhat obscurely posted te i 
1786, by Ube Chevalier do Bast Bessel anys,” If x body moves iar w uid (ar), 
tune latter becomes part of the moring aystemn; and the storing force sama bi b> 
Facted, oot coly to the particles of mass of the sclid body put tn motion, bet ihe 
to all the particles of sous of the fuid which ure pat in motion.” "Ou the exjecr 
ovepte of Sabion and Baily, to which Bestel's proetically Impertast peotalen 
correction (redection to a vacuum) gave occasion, see Jétin Werschel ts tl 
Meocie of Francis Baily, 1643, po 17—1s 

(*) p 28—Koumes, Bd. LS 175 and 423, Aum: 2 (Bagtill ofits, 
Pp 158; Note 132), Compare for the phensenesn ta ialads, Sibien, Tendo 
Exper. 1826, p 287; and Llithe, Obs. du Pendule tovariable, lexdestée & 
1826-—1829, p 241. "The same’ work contains W remable theo the Kiss 
ef rocks at sixteen pendulum stations (p. 299) from Splabaegen (7m? 50 5, 
Jat.) to Valparaiso (in SS? 2 S. lat.) [See alee Sabine, Peni, Reyer, 1435, 
p 338; in which ia the rae Ueto of (nls Geseeiptey Craietaiag saasiean ae 
thons—E4.) 

@) p 2%—Kounes, Ba i S424, Aum, 5 (Engitsh elite, tie 
195). Eduard Schmidt (Sather und phys Geogenphle, Th L & aH) 
hus taken from the mazy peodulam observations made fi’ the corvettes Leer 
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forte sak Atrevide, water the commun! of Mabsspina, thirteen stations be- 
Ieoging te the southern bemisptere, ani fousd, on the mean, as wiptnity 
et pap ‘Mathivs abso derived frecs Lecaille's observathons at the Cape of 
Good Hage, and im the Iale of France, compared with Paris, 1, bet the 
semeating spptrates of that perso did not oMler the eeverity afforded by that of 
Borda eed Kater, ant the liter eaethods of observation, This ts the place for 
mentioning the foe experiments of Footartt, 10 boosurahie to tht angacity ef 
ithe Eevehtce, which have cires a visible proof of the tation of the Barth ox 
its axis by masts of the pendatom, its plane of ribeation rersing alowly om emt 
fe west, (Comptes svectas de TAcad. dts Sciences, sfanct da 3 féerier, IES, 
© EsE p ISS) To cheats deviations te the emtieant, as in the experi 
ents om falling bodies of Beccenberg and Ricich on storpies and in shetty s 
‘Vary considerable height of fill is required; whereas Poocsslt's appari 
rvmters the rotation of the Earth sensible with » length of produbuin of sis feet. 
‘Phesemena which are explained by the rotation of the Earth (as the march of 
Bicher's lock at Cayenne, diurzal aterration, defection of projectiles, and 
trae winks), are not to be placed in comparison with that whieh cam at all 
thane be called forth ky Foocanite spyaratun, and of which the members of the 
Atsbemin deh Camento weem to bare bad a conception, bat act to have parssed 
3 (Astioni, ie the Comptes reniina, t x23 p 635.) 

©) B90 —Is Grecian antiquity, two parte of the Earth were pointed oot at 
heaving, securding to inferesces draws fram the opitiona which then prevailed, 
rrmatiable intution of elevation of varface : the moth of Asis and the country 
seater the equator, The high snd waked Scythian plains.” acid Hipp 
erates (De Hire ot Agra, § 2ix. p 72, Litteé), “ withoat being crowned with 
‘erestainn, spenad ont and rise to beorsth the Bear.” The sume belief bad been 
stirated te Repedocies at 8 yet earlier epoch (Ptat. de Mise. Phils IL #). 
Asistetin QMrewer. i 1 a 15, p. 66, Ideter) says, that the cider meteorulogiits, 
whe “made the ex pass, not under, but round the Earth, considered the aweling 
of the Earth towards the north to be the camse of the noctarnal disappearance 
sof the was, od thus of the occurrence of night” Als, is the compilation of the 
prebiess (xari. 15; Pag. 941, Bekker), the colinem of the north wind ls 
sttribvated to the © bright of the groand” in that quarter. In all these passages 
it fa net mocstaing, bet high plains, or genera} elevation of the lant, which at 
seferred te. I have already shown chewbere (Asis Centrale, t i p 53); that 
Serabo,—wbo is the caly writer who explore the characteritic word Speritua 
fee Armenia (xi p 622, Cassub.), for Lycans, inhabited by ike wild am 
(oi. p 568), aad for Upper India, and tae gubl country of the Dendass (xv. 
BB 706), —aleays dintiogulshes the diftrence of climate dee to geographical 
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Gauses, The globular form of the entire earth follows from the arrangement of 
the whole, which ts nct altered by such minor disfigurements 5 the little dinape 
pears in the great. Subsequently it is said, following always Groskunt’s vory 
successful version, that “the Earth, with the sea, is globular, the land and seas 
forming tut ove surface;” that “ the rising of the land out of the water belug 
Encimsiderable, ia comparison with the whole extent, must remain unnoticed, 
We @o not suppose the form of the globe to be as if turned on a turning-lathe, 
Or ceeliirming to the exact ineasurement which an artist might make of an 
‘artificial ball ; but rather speak of ite roundness as we might of the roundness 
ef wath a bali, jodged of more roughly by tho eye." (Strabo, i. p. 112.) “The 
‘world is the work beth of Nature and Providence: of Nature, inasmuch as all 
fends together towards point in the middle of the whole, around which it 
‘arranges {tself the leas dense (water), outaide that which is more dese (earth)” 
(Stenbo, xvii, p. 809.) When the form of the Earth is spoken of amnong the Greeks 
(Cheous, Cyl. Theor. i. 8, p. $1), it is compared simply to a disc; flat, oF having 
 depeeslea In the middle; ton cylinder (Anaximander); to a cubs; or to n 
pyramid ; abl, Geally (eotwithstaoding the long controversy of the Epleureans, 
who denied the attraction to the centre), It camo to be genorally regarded as o 
globe, ‘The idea of the attening at the poles, which we call compreasion or 
dlipticiry, did 2ot, Iowever, preseot itself. The " longiah™ Earth spoken of 
by Deessoritus is caly the * diso™ of Thales, longer in one direction thas in the 
wher, The re exima reprovoedes, an idea attributed particularly to Leas 
‘hppa (Phat. de Plac. Philos, Bi, 10; Galen, Hist, Phil. cap, 21; Aristotl de 
‘Cina, li, 19; Pag. 29%, Bekker), is at the bottom of the representation of a 
Demispherr, of balfiglobe, with an even bes, which, perhaps, designates the 
‘eyuator, while the curvature is regarded as the ouowwern A passage in Pliny 
{Gx 54), ca pearls, Mlustrates this form ; while, on the ether hand, Aristotle, 
Meteoruh ll. S 0 10 (Tdeler, t. i p. 563), only offers a cemnparison of segments 
offs globe with the tympanom, as also appears from the Commentary of Olytti« 
phobores (lilelee, «4. p. 301), 1 have purposely: not noticed In this review two 
paueigos very familiar to me (Agathemer, de Geographia, ib. i. cap. Ep 2, 
Heleon); Eusbive (Evangel Prooparat. t lv. p. 125, ed. Gaisford, 1843), be- 
cause they show bow inaccurately subsequent writers have often attributed to 
‘the xnclenta opinions which were, ia truth, entirely strange to them, According 
ti these pamages, Ecdoxes would have spoken of the Rarth ax a diso, having & 
Inugil: twice 1s great as ite breadth ; as would also Dicearchas, the diseiphy of 
‘Aduetusle, slikowgh le bad acteally proposed proofs of its globalar fem (Murs 
‘eles, Capella, lib. vip. 192) > while Hipparchus woe have regarded the Basti 
‘ns rpare(eedqs, and Thales would have belt it to be spherical ! 
as 
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(*) p- 30-— Bessel, in letter to myself, Dee. 1828, sayst “Et oft appear 
ho mie as Mf che Earth's ellipticity was smoeticoes spake of as sonertain, tense 
eo great exuctomss fs demanded If we talks ly she io atl ahy the ce 
wpending differences between the greeter and the leer radian are 10034, 
10905, 11251, amd 11684 tele The change of 30 cuits Ge the Genanieater 
ely aders 1130 teises is the poler rates; on aovet which, viewed & 
relation te Ube visible ieequaities of the Earth's secface, appests oo Seemmateris!, 
that I am really often astonished that the experiments should agree withis exch 
wear limits, Detached cheervations, iwolsted in wide spaces, woudl indeed tech 
us Eitcle more than we know at present; bat it would be important to mite al 
Ube mewurewents over the entire surface of Europe, bringing all the eater 
‘soutically determined points isto the operation” This, bowevee, woakd still ely 
abew the form of the Earth is what may be terined the western penineals, or 
projecting part of the great Asiatic covtinent, sheat 66° of Jongiteda Thr 
steppes of Northern Asis, eves the central Kirghis Steppe, of wikick I beve men 
‘a considerble portion, are often hilly, amd, wa the whole, not to be compared is 
potet of hocizomtality with the Pampas ef Bernos Ayres ahd the Lisson of Veer 
sorls These Soath American plains being distant from the mecataien, and 
‘covered with secondary and tertiary strata of very exiferm and moderate density, 
the ancealirs which might be presented by pendulate exporinoents at dibews 
parte of their surface would affoed very purt, aod, therefore, Gecisive resabts «2 
to the tocal constitation of the deep duterion terrestrial trata. Cosspare iy 
Ansichten der Natar, Bd. i 8. 4, 12, and 47-—60. 

() p. 31. —Donguer, who invited La Conlanine to undertake experiznets 
og the deflection of the plumb line by the Chimberans, tes net indeed menitioe 
Newton's proposal in his" Figure dela Tey” p SH4—994, Uafortuoalaly, 
the beat infoetned of the two travellers did sot observe at opposite sides (eadt usd 
west) of the groat meantain, bat (Dve. 1738) at two stations om the mame silk, 
can being south 61]° weet (@ietant 4572 tolses from the centre of the momntalbe 
imsas), and the other south 16° weet (distant 1753 teises). ‘Tihs Srvt wes Is 
‘© part well known to to, probably below the bight where the small somntais. 
luke of Yana-Cochs is situated, and the other in the pumice-coverel plain ef the 
Arenal. (La Condamite, Voyage & FEiquateor, p 68—T0.) Goateary te all 
apectation, the Geficction indicated by the star altitudes was saly 75; which 
was nttributed by the observers themselves to the dificalties attendant on i 
\ervations made #0 near the mits of perpetual snow, the inexactoem of the is> 
struments, and, above all, to supposed great cavities in the eolimnal inwehytie 
mountala. have expressed, on geological grounds, compidieable doubite as to the 
Justuess of the armumption of thete great cavities med comsequet damall made of 
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the traehytie deme of Chimborse, To the south-south-east of Chimborazo, 
tuner the Indian yillage Cnljé, i4 situated the eraption-cone of Yana-Urea, which 
I exminived carefolly with Bonpland, snd which is certainly of more recent 
ntigin thas the elevation of ita giant dome-shaped neighbour. We found nothiag 
resembling» crater fis the latter. Gee the asoent of Chimborazo in my “ Kleinere 
‘Bebrifica,” BA. i, & 138. 

7) p31. —Baily, Exper. with the Torsion Rod, for determining the mean 
‘Density of the Kerth, 1843, p. 6; John Herschel, Metoir of Francis Baily, 1845, 
Pers 

(7) p92. — Reich, noe Vorvuche mit dee Deehwage (New Experiinents with 
tt Torsion Balance), in the Ablisndi. der mathe, physisehen Clase der Kn» 
‘Bichalaches Gesellschaft der Wisesschaften su Leipzig, 1852, Bd, i. S 405 
mk 418, The batoos experiments of my excellent friend Reich are rather nearer 
‘he fine investigation of Baily. 1 hare derived the mean (65772) from the 
series of experiments o aid b: , with the tin sphere and the longer and thicker 
copper wire, 5:5712, with w probable error of 010)13) B, with the tin sphere, and 
‘the shorter aad thinner copper wire, as well as with the tin sphere and the bifilar 
iowa wire, 55892, with a peobable erree of 0-0149. ‘Taking into acooant these 
probable erroes of a and b, the mean ls 55756. Baily's rewult (8660), obtained 
indeed by mere sumerons experiments, might yet, however, give « rather too 
high density, ax Its appareat value seemed to incemase as tho spheres eaiployed 
(glass ot briny) were Fighter, (Reich, in Poggendeeti"s Assen, BAL Inxxe, 8, 
190, Compare aloo Whitebead Hearn, in the Phil Trans, for 1847, p 217— 
229.) The motion of the torsion beam was observed by Baily according to the 
swathed of Reich, by ineans of the image, reflected, as in the agnetio cbuerva- 
tons of Gaeas, ine mirror attached to the middle of the beam. The highly 
Auvpertant we of the mirror, which co greatly increases the exactness of the 
reading, ras Propeted to long ago nx 1826, by Poggendorif (Annaben der Pbysike, 
Da. vii. 8121). 

() pr 3%.— Laplace, Mécanique oleate, 6d, de 1846, t.¥. p57. The meas 
specitie weight of granite is estimated at 27 wt the toast, aa thi specific weights 
of the blaxal white mica, and the greeo uniaxal, are from 2°89 te 31, and those 
‘of the reot of the constitwents of the rock, quartt and felepar, are 2°86 and 
26S, Ofigoclase iteelf is coly 265, and although hornblende may be 917, 
fefmnite, in which felspar always prodceninates, atill remains touch under 2°8, 
As the weight of clay-slate is 2°69—278, a4 among limestones it ia only In pure 
dobocnites that it wttains 268, chalk 272, gypwam and rock ealt 2°3, 1 coushder 
the density of the accessible continental crust of the Earth to be nonrer 2°6 than 
24, Laplace, on the assemption of the density incremsing in writhmetical pro- 

a6 
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igrtmdes from the suxface to the centre, and with the certalely erreneces amma 
‘ee thas the Gensity of the cutermat strate = 3, fond, for the coun deuity 
of toe whole Earth, 47647, which differs considerably from the results of Bach 
5/577, and Baily, 5°660; far more to thas the probable errors of observation exhl 
a5 all scout foe. By a new discussion of Laplace's Bypothesia, Ea an lnterest- 
seg Gaensir which is sous to appear in Schumache’s Aste. Nachrichtes, Pca 
as acrived st the result that i is possible, by am alteration im the treatment 
& (hie bypothenia, to represent very approximately Reich's mam desalty of tht 
‘Barth, together with my mtimate of 1°6 a the mean density of the eulermat 
saratam o surface of both land and sea, apd the Esrth's ellipticity, withia the 
pevbable limite of the lnstenamed element. He saya: “Si ta compressibiiil 
dee sadstances dont la Tecre est formde a é¢ la come qui a donné 2 es combos 
des formes réguiidres, A pen pede elliptiques, aree une denaité erciumcte depals 
te surface jusqa'au centre, Ul est permis de penser que ces couches, #5 £0 otthe- 
Galant, ost subi des modifications, & La véeiné fart petites, make annex gramier 
Pour bows empécber do pouvoir désines, avec toute Fexactitude que Tus pournit 
eophalter, I'itatde la Terre sclide de son Gtat antéciear de fiuiditd. Cetbe ri 


‘Seaim m'a Gt appricier darantage ba premitce bypotblee, proposde par Yautesr 
de la Mécanique céleate, et jo we wais décbié A la svunmetice A une newtelle dla 
cussion.” 


(P) p 3 —Compare Petit, "Sar ba latitude de TObeervatnive de Teadane, be 
deaaité moyenne do Li chaine des Pyréofes, et In probubilité quil existe un vise 
sous ovtte chloe," in the Comptes reedus de 'Acad. des/Sc t.-amie 1809, p 
79. 

() p 4. —Kouncs, Bi i S 183 and 427, Aza. 10 (Baglioh olthe, 
p 166, and Note 140). 

(*) p84. —Hopkins (Poyaical Geology), Reports of the Britis Asmuelatios 
for 1838, p. 92; Phil. Trane. 1899, Pe Lp. 981; and 1840, Ph. Lp ie 
Heary Hennessey (Tervestsial Physics), in the Phil, Trans. 1861, Pt. ad 
and 825, 

(® p34. —Koumos, Bd. 8,949 mod 450-458, Aum, 06) (Eagle 
tiou, p. 227, and Note 225). wm 

C) p35. — The obeeevations communicated by Wablendis are of the autem 
1847. They differ very Tittle from the results Counos, BA i S. 181, sal 
Aum. 8 (English edition, p. 168, and Note 198); Cecnpten rendius, tak. 180, 
fi 707), which Amgo obtained also with Walferdinis apparatas in 1640, at = 
depth of 505 tnetres, just as the borer ad fon tiene ees 
be peosirate the gault. 

(Cp 8. Acirdng to manned commencing eat Wie 
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You Ovyahansen, Compare Koamos, Bd, |. 8.416, Anm, 94, and. 426, Aum, 8 
(CBnglieh editions, Notes 124 and 138) ; also Bischof, Lelebuch der chem. und 
phys Geologie, Bd, 4. Abth.i, S 154-163. In absolnte depth, the boring at 
‘Mondorf, in the Grand Duchy of Luxembourg (2066 Pr. feet), comes next to 
‘Must of Neu-Salzwerk. 

(@)p 37.—Koumes, Bd. i. S. 426 (English olition, p. 406), and Mémoires 
Ge la Sockétd d'Hist. Naturelle de Genive, t. vi. 1833, p 243. ‘The comparinon 
‘ofa ares number of Artesian wells ia the neighboarhood of Lille with those of 
St. Oven and Genera, night lead us to lafor a more considerable influence of 
the contacting power of the strata, if we could be satisfied that the data were 
‘all equally accurate, (Poisson, Théorie mathématique deja Chaleur, p. 421.) 

(7) p37. — In a table of 14 borings, of above 100 metres ia depth, from the 
most diereat parts of France, Brarais, in his instructive eneyclopedi¢ memoir, 
© Patria,” 1847, p. 145, cites mine in which the depth corresponding to.an.in- 
cerense of temperature of 1° centigrade Galle between 27 nnd 39 metroy, rarying 
from 5 te 6 metres on either side of the mean (32) given in the text. (Com+ 
pare also Mogous in Poggeod, Ann. Bd. xxii, 1831, 8.146.) On the whole, 
‘the focrease of temperature sppears to be more rapid! in Artesian wells of rery 
small depth although, in this respect, the very deep wells of Monto Masai in 
oscany, aod Neulfea in the north-western part of the Swablan Alps, formn 
ronarkable exceptions, 

(7) p 38. — Quetelet, in the Bulletio de I'Acad. de Bruxelles, 1836, p. 75, 

(*) p58. —Fectes, Exper. oa the Temperature of the Earth at different 
Depths, in tbe Transactions of the Royal Society of Edinburgh, vol xvi. 1849, 
Pe. HL pe 189. 

(7). 39.—All the figures relating to the teaiperntare of the Caves de '0b- 
terratelre azo taken from Poissan’s Théorie Mathématique de ls Chaleur, p41 
fand 462, On the other hand, the Annuaire météorvlogique de la France of Mas~ 
tine and Haeghens, 1849, p. 88, contales different corrections of Lavoisier's sub- 
terrnmean thermometer, by Gay-Luasac, On tho mean of theee readings (Sune to 
Angwst), that thermometer gave 12193, wheo Gay-Lnssne found the tempera 
ture 11°843 ; the difference therefore being 0350, 

(*) p39. —Cassini, in the Méan. do I'Acad, des Selenicea, 1786, p S11e 

(*) p. Al. —Boussingnalt, “ Sur la profondear & laquelle oa troaye dans Ja 
‘Zome tecride la Couche do Température invariable,” in the Asnabes de Chimle 
de Physique, 1 lil 1833, p. 225—247, Jobm Caldecott, astrocomer to the 
Majeh of Travancore, and Captain Nebold in India, bave objected to the xn9- 
hod recomended fa this memoir, and confirmed by wo many exact results 
ebtaleed is Scath America, Mr. Caldecott found at Trevandrom (Edinb, Trans, 
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vol. xvi, Pt. TIL. jp 379—993), the tenperatera of the ground at a dep d 
three feet and nore (deeper, therefore, thas Beussityganilt pooseribes), G8 wal 
‘86° Fabt, ; the mean temperature of the air being stated to be BOPOR Puls 
Nenbold's experiments (Phik Trans, for 1845, PEE p 193) gem, dt 
depth of cue foot, wt Bellary (in 15° 8° lat,), 4° Fabt. iscrease of temperstsny 
free sunrive to two hours after noon ; but at Camsargode (lat. 12° 20°), with 
clouded thy, only 14°. Were the thermometers daly protect, wid the grist 
mdequately screened fren the direct influence of the sun's mays? Comper 
also J. D. Fortes, Exper. on the Teayp. of the Earth at didierent Depts tx th 
Fala Trans volt. Pt IL p. 189. Colonel Acosta, the mieritetions bis 
tocian of New Granada, hes recently made st Gasdias, on the soathowetert 
deetivity of the Bighlands of Bogots, wherw the meals temnperatinre of the year lt 
74°84 F. at a depth of one foot, and in a covered apace, a long series Of Olay 
tions which fully corroborate Boussingatlt’s statement.  Rotasinganle wile: 
© Lee observations du Colonel Acesta, dont vous connalasex a grande privties 
0 tat ce qui intéreese Is Metéorologie, prouvent que, diame fee obmditiee 
Cobri, Ya températare temetbrermemmelicninetiantion re 
profondeur.” 

(®) p 41.—On Gualgagor (or Dinas de Chots) and Micubpatnps, sev Hen 
boldt, Recueil d’Odsecv. axtron, vol. ip 324. 

(®) p 41.—Essai politique aur be Roy, de le Nouv, Espagne, (2¢ 6) 18 


.—0. Van Baer, in Middendort's Sitérischer Reise, Ba. iS 7. 
-—The Morchant Fedor Schengin, head of the Comptoir of ike Bor 
can Trading Company, began, in the year 1828, t0 have m well exak le 
tho court of a house belonging to the Company, As down to the depth of sinety- 
six fott, which horesched in 1890, oily frosen warth was fetid, aad sabi be 
gave up the work, until Admiral Wrangel passed throsgh Takuiat on Bic wiy 
to Sitka, and, perceiving the great scientific interest which witaebed to plercliag 
through the subterranean icy stratam, asked Mfr. Schergit to extitlinne thie bee 
Ing. In 1837, a depth of fully S82 Eng. feet lsd Seen tewelied, the ioe stll 
continuing. 

(**) p. 45.—Diddendortf, Relwe In Sib, Bd. i. S 125189. SIN" maps 
Midtendorff, “ we exclude all cases whore the depth reached falls sheet of 107 
foot, becanse, acconling to experiences hitherto in Siberia, all Seamer depths av 
subject to annual variations of temperature, there still reais euch mpéenalies ot 
differences in the rate of increase of temperature that, while Between 180 al 
200 feet, it has been found 40 rapid ws to give only G6 English fet fete 
increase of 1° Reauin, | between 250 and S00 feet, the obserrullons wall git 
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DHT veh feet to one such degree, We are, therefore, induced to coeaidee that 
the resalts of the chservations hitherto obtained in the Schorgia boring, or shaft, 
are by no means suiiclent to determine, with certainty, the measure of the ins 
‘eremse of emperature; but yet, that (notwithstanding great deviations which 
may be oveasloned by differences in the heat-cenducting power of the stents, 
‘nial ka the disturbing influence of water or air which may sick down from the 
surface) we may venture to say that, on the whole, the temperature increases 
DP Reaums, for 4 descent of not snore than 100 to 117 Eng. feet." The result: 
OTT Bog, feet, la the mean of ix partial results, or wegmentations of tem- 
Joeatury fun at every 50 feet between 100 and 382 feet depth fa the shift. If 
1 compare the sean atmopheric temperature of the year at Inkutsk (— 8°25 
‘Beaamn.) with the mean temperatare given by observation of the lee at the 
boreat part of the shaft (—2°40 Reauwm—greatest depth 382 Eng. feet), 
1 find 663 Eng, (eet for 1° eau, The compariaca of the deepest part with 
‘the temperature 100 feet below the surtuce, gives 100 fort. Prom the sagas 
coms nutmerical ievestigations of Middeadect? and Poters on the rate of propaga 
‘thon of variations of wtincspberio temperature, and on the maxima and misma 
of temperature (Midéead, 5. 193-167 and 168—175), it follows, that In the 
Aifferwsit becings, at the arvall depths of 7 to 20 or 21 feet fn the upper portlows 
of the borings, there in“ an increase of temperature from March to October, xd 
1s decrease from November to April, because spring and autumn are the easons 
(st wbled the chaoges of atmexpberio temperature are most coasiderable.” (8, 142 
and 145,) Even carefully covered-over mines in Northern Siberia cool gradu- 
‘ally Jin the course sf yeatw, {rem the evsteet of the alr with the sides of the 
shafts. In the Schergia shall, bswever, Ia the course of eighteeo years, this 
contact bas occasioned searcely half a degree Cent. (0-9 Vat) diminution of 
Semperatere, A remarkable, atl, as yet, uoexplained phenomenon, which has 
‘alse presented itself in the Sebergia shaft, it an increase of temperature which 
has scepétiones been perceived in winter, exclasively in the lower strata, and 
withows any deroonetrable external influmnct” (S156 and 178) A more ex- 
Arnonlinary circemaitance, a it appears to me, is that io the boring at Wellensk, 
on the Paains, with wn atinoopberic temperature of — 28° Rewum,, — 2S was 
found nt the very amall depth of between 5 avd S| feet! ‘The lavpectherial 
‘nes, to the direstion of which Kuplfer’s sagaclous investigations first called at- 
‘tention (Kosmos, Bd. |. 8 445; Eogtoh edition, Note 201), will probably long pre 
(ee. many uneonelved problems. The solution Us particularly difteuls where 
‘Mer oompinte plereing thrvagh the stextumn of growad ice ls a work of mach 
rot. ‘The grownd fee at Lakatek oan no longer be looked wpett asm nnere boca 
Phenewenen, wid tbe view of thove who attributed it to a elnking of the 
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earthy strata theeagh the agency of water, or a precipitation of earth deer 
water. (QGddend, § 167.) 

(7) p 45-—Middendorif, Bd. 1. S160, 164 and 179. In these simemical 
estimates and conjectures a3 to the thickness of the ground ioe, ae Eeceuee 
temperature in arithmetical progreasian with the dept is astro. Whather, 
greater depths, the rate of increase of temperatere may becomme slower, is thee 
retleally uncertain ; and it ia, therefore, sot advisable to eater into cabcwbethes 
respecting the temperature at the contre of the Earth ia currenteexciting male 
roasses of various kinds, 

() p 46—Scbreuk’s Reise durch dit Tundern der Samajeden, 1844, Th & 
S597, 

() p 46.—Gustay, Rose, Reise nach dem Ural, BL iS 425, 

<*) p47—Compare G. yon Helmersen's experiments om the relatine om 
acting power of diferent rocks (Mém, de Académie de St. Pétersboerg ¢ Mi 
langes physiques et chimiques, 1852, p. 82). 

() p. 47.-—Middendorff, Ba. i. S166 compsred with S179. “The limit 
cof the ground ice appears to have, in Northern Asia, two southerly ieflesbes, 
‘one not deep on the Obi, and one very considerable on the Lena ‘The line 
rans from Beresow on the Obi towards Teruchwusk 08 the Teaiseei, thes betwee 
Witinek snd Oleminsk, on the right tank of the Lens,and then, eastmanl, 
ascending to the north." 

(*) p. 50.—The principal passage io which the magnetic chain of ringe ir 
spoken of is ia the Platonic Ion, p, 593 D, E ed. Steph.  Suibyequently, thir 
profagation of the attracting influence was mentioned by Pliny (xxxiv. 14) sal 
Lucretius (vi, 910), and also by Augustine (de Civitate Dei, xx. 4) am Phy 
(de Mundi Opificio, p. 92D, ed. 1691), 

() p51 —Konmos, Bd. i. & 194 and 435, Aum. $2; Bd. mS 295— 
295, 307922, 468, Anim, 59; aud S 431 —482, Anm, 91-0. 

Cp 51.—Compare Humboldt, Asie Ceatrale, ti po sl—aliiy and Examee 
crit, de I'Hist de ts Géographie, . iil p. 94. Euosrd Biot, whe, partly whet 
and partly with the help of Stanislas Jalien, has confirmed and enlarged, by 
laborious bibliographic studies, Klaproth’s researches on the antiquity ef te 
‘090 of the magnetic neadle in China, cites wn older tradition, which, however, be 
first found mentioned by writers of the first centuries of the Christian orm, ae 
conling to which magnetio cars would ave been’ used as early ss under the 
Esoperor Hoangeti, This celebrated monarch is supposed to have reigned. 2600) 
earw before our era (i thousand years before the expulsion of the Hyksse 
from Egypt). Had. Biot, Sur 1a direction de l'Aiguilte slmantbe ea, 
the Comptes rendus do I'Acad, des Sclences, t. xix E44, p B62) 
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@*) pe 5% —Kosmos, Bd & S194 and 495, Anm. 31 (English edition, 
p> 176 nod Noto 161). Aristotle himself (de Anima, {. 2) speaks only of 
the” animation” of the loadstone as an opinion of Thales. Diogenes Laertins, 
howower, distinctly extends the opinion to amber, saying, * Aristotle and Hipplas 
wmaintala: frum Thalew’ doctrine,” &e, Tho sophist Hippias of Elia, who 
thought be koew everything, occupied himself with natural philoeophy, and. 
lyme with the most ancient traditions of the physiologio eabool, ‘The “ attracting 
breath of air” which, according to the Chinese physicist Kuopho, " blows or 
‘breatlies threagh loadstone and amber,” reminds us, acconling to Duschmann's 

linguistic Mexican inveesigations, of the Aatec name for the magnets * thaihio» 
tani tet? signifying “the ston which draws to iteelf by breath" (Gom 
“ iiviotl,” breath; and “ana,” draw). 

(C*) p 52.—Tho information respecting this remarkable apparatus, extracted 
‘by Kisproth from Penthasaoyan, is found in greater detail in Mung-Khi-pi-than; 
‘Comptes rendus, t. xix. p. 365. Why is it that la the last-named memoir, as 
‘also in a Chiness Herbal, it is said that the eypreas points to the west ani the 
magnetio needle points to the south ? Is it intended to refer to a more or Jess 
‘Dexnriant development of the branches according to “aspect” as respects tho 
wan oF seen prevailing wind? 

() P 58,—Kounos, Bd. ii, S 469—472 (English edition, Note 405). In 
the time of Edward 111. of England, when, as Sit Nicholas Harris has shown 
(iliatory of the Royal Navy, 1847, vol ii. p. 180), it was onstomary to sail by 
the compass, thea called  sailetono dial," “ sailing needle," or “ adamant," we 
woe that itt the expenses of fitting out “the king’s ship the George,” in the year 
1945, mention is nade of sixteen “ hour-glasses" bought in Flanders This, 
‘however, is by no means a proof of the use of tho log. Hour-glasses (the " ainpal~ 
Jetan'" of the Spaniards) were used, as is evident from the statements of Enciso 
in Ceapedes, loog before the employment of the log, Echando punto por fan~ 
tania ia the" correders de los perezocos,” d.¢. without casting out « log, 

1) Ww 68. — Compare Komnos, BA i. 8. 427, Aum, It, and 499, Aum 16 
(Ulinglishs edition, Notes 141 and 144); Bd. MS. 97, 8), 982, wed 919, 
Aum, 7072, and 617, Aum. 83 (English ollie, p. 351, 382, and 399, 
840, Notes S10. 512. and 628), 

A) p 99.—Camyaro Giltert, Physiclogia neva de Magneta, lib, Ilk apy 8, 
e124, That magoetion ean te imparted to irom for considerable time, wa 
seid in a general way by Piiny, but without mentioning rubbing (Kasmos, Ba. 
S490, Anm, 19; English edition, Note 149). Gilbert's derisive remark os 
the “velgarls epinio de tnuntibus magnoticls aut rape aliqua mageetica, do 
ols phantasticn a polo mundi distaste," is werthy of notice, The alterations 





nad progremire movement which take place in the magaetié lises were stil 
wholly unknown te bie: " varietas untuscajasque Joel constaus ext.” 

() p59. Historia matural de Les Indias, Wb i cap 172 

(*) p 6% —Kommos, Bd, LG 189; English edition, p17. 

(®) Pp 60.1 have shows, from very careful otecrrations Of the Inelinatiee 
made by myrelf in the Pacific, what are the conditions wader which te mag- 
elie Teclieation may be of important practical tse is Sateraising: the tetitely 
during the prevaleoce ef the “garua” er fog, which, at certain seasena os the 
Peruvian coast, conceals the sun and stars (Kosmos, Bd. i S165 wd 428, 
Anm. 14; English edition, pp 168 nnd Note 144.) ‘The Jewuit Cabins, the ex 
thor of the * Philosephia maguetica” (in qua nova quodam pyais explicater, 
qun poli elerationen ubique demonstrat), directed attention te this subject 
‘is the first half of the 17th century. 

(*) pO — Béwend Halley, bo the PLL Trams, for 1683. vol ai. Na Ns) 
pane 

(") f 61. —Soch lines, called by bis “tractes chalyboelition,” had ale 
‘bees drawn by Pater Christoph Burrus, at Lisbon, ine meap whieh he eflerndat 
ex exorbitant pric to the Kisg of Spain, as tneetioned by Kircher in his Magnes, 
od. 2 p449. The first Variation Chast ret: SacnSian eae 
murntioned is p. 56, 

(®) p. €2.—-Even twenty years after Halley had propared,at St. Helena, his 
Catalogue of Southern Stars (in which, unfortunately, there are tiene below the 
6th maguitede), Hevelius, in the “ Firmamentam Sobssciamum,” boasted of tet 
using a Lelesoope, and of observing through loogitedina) mpertures. Halley bad 
been preseat at tome of these observations (to the exactness of which he gare 
‘undue praise) when bo visited Dantelo in 1679, Kosmos, Ba US. 60, 106 
(Anm, 2 snd 3), 164,317, and 355 (Anum 13); Engliah edition, p 43, 20m 
(GNotes 91 and 92), 97, 221, and Ixxix. Note 370. 

(") p 62.— Traces of variations of the magnetic Declination eo dilfirest 
Pree hestimyrereesitbem pian 
1634, and in Sian by Pater Tachand, 1682. - 

() p63. — Compare Kestnos, Ba. 8 492-495, Attn 00) Beg lb 
tion, Note 159. The excellent construction of the Bouse d'Inelinalsa Sint 
made by Lendit, according to Borda's plan, the possibility which it eave of fee 
and lomg vibratsome of the needle, the very great diminution of the friction of the 
aslor, and the steadiness apd good means of adjustment of the instrement, which 
‘was provided with levels, Sret made it possible te obtain exket measuremtutt 
of the differenices of the Earth's magnetic force in diferent memes 

(*) p65. — The numbers placed frat in the table (aaj fe example, REO 
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1806) indicate the date of tho olvervations; the figures within brackets, whiel 
nro added Gocasionally after the titles of the memoirs, show the date of the pub- 
Tication of the etuervations, whieh was often much later, 

(7) p: 60 —Malus (1808) and Arago (1811, chromatic) polarisation of light, 
‘Bee Kosmas, Dad, Gi. S 970 (English editica, p. 920), 

@) p10 —Koumes, Ba. i, & 186 and 420, Ant. 17 (English edition, 
pp 160 and Neve 147), 

(*) p72" Before the proctioe was adopted of deterinining abvolute volves, 
‘the most generally weed scale (and which still continues to be very frequently 
weferred to) wis founded on the time of vibration ebserved by Mr. de Hamboldt 
shout the commencement of the present century, at a station in the Andes of 
‘South America, where the direction of the dipping-needle was horivontal—ma cen 
dition which was for some time erroneoutly supposed to be an indicathon of the 
‘wilnienamn of mageetic force at the Earth's surfuce. From a comparison of the 
times of vibeation of Mr. de Mamboldt's needle in South America and io Paris, 
the ratio of the magnetic force nt Paris to what was supposed to be ite minimum 
was loferred (1°048); nod froes the results 20 obtained, combined with « similar 
comparisea iade by mywelf between Paris and London in 1827 with several 
faagwets, the ratio of the force in London to that of Mr. de Humboldt's origiaal 
station le South America bas Seen inferred to be 1972 to 1000, ‘This is the 
erigin of the number 1:972, which bas bea generally employed by British ob- 
servers. By alvolute meatarements we are not only enabled to compare numerl+ 
‘cally with ove another the results of experiments taade in the most distant parte 
‘ef the hike, with apparstus net previously compared, but we also furnish the 
evans of comparing Lereafter the intensity which exists at the present epoch 
with that which may be foesd at future period” Sabine, in the Manaal for 
Alor Use of the Brltisty Navy, 1849, p. 17. 

(1) p 74, — Tho desirability of concerted slinultanoous mageetio obuervation 
wna Bins perceived by Celsius, Without speaking of the iedluence of the nerora 
wpor the declination, whied had bees discovered, and even measured, by bis at 
latent, Olay Tiorter, in March, 1741, Celsius wrote la the suminer of the eats 
year 10 Graham, to invite hits to Soin wish him bs examining whether certain ex- 
trvsotiary perturbations, whieh the heewry march of the declination needle 
‘underwent fiom time te time at Upeals, Would also be observable at the mane 
‘thine In Loadoc, SimomMancity of distesbance wouhd, be nabl, afford proof of the 
cause of perturbation extending over comaidernble spaces of the Earth's aurtice, 
‘and net beleg occasioned by accblental local induences, (Celsius, in Srenfha 
‘Vetendhays Academiens Babdlingar for 1740, p. 44; Iloeter, it the sate work: 
foe NT47, p97.) Wes Avago had beoune aware that the magnetic perturba 





thes accompanying seroma extend to regions of the Earth where the aaron) 
light is not sees, he, in 1823, arranged with our commons friend Kupler br 
timnltanrous hourly observations being made at Paris and et Rasa, almect 47° 
cast of Paria. Sunilar simultaneous observations of the deeliastioa were wt 
foot by me is 1828, by Argo, Reich, and myself, in Paris, Fretberg and ere. 
‘See Poggend. Aco. BA xix. S397. 

(7%) p. 81. —The memelr of Badolph Welf, referred to ia the test, eostaias bis 
own daily cbaesvations of solar spots, from the Ist ef Jansry to the Sako 
June, 1852, sed a compariscn of Lamont's periodical declination variations with 
Schwabe's reveits on the frequency of the solar spots im the interval frees 1635 
to 1800, This memeir wes presented ca the Stato July, 1852, 08 » mwtag 
of the Society of Natural Sciecces at Berne, While the more detailed memaird 
Cobmel Sabine (printed in the Phil, Trans. for 1852, Pt. 1. sp. 11G—231) bab 
bern precemied to the Reyal Society of London at tho beyinnitng of Marr nl 
read at the begianing of May in tho same year, ie. 1852. According to tht 
moat recent examination of all the observations which hare been anade st the 
solar ypots, Wolf ads the mean period, between 1600 aud 2832, to be 11'1b 
years, 

() p 83. — Kosmos, Ba ili, 8, 400 and 419, Aum. 30. (Boglish etion, 
290 and civ.; Note 489), Bienuth, antimony, silver, phosphoras, ruble-ealt, ley, 
wood, slices of apple, and leather, when placed ia the vickuity of a powerfsl eng- 
wet, all show diamagnetic repulsion, and equatorial, é. « east and weit, axially. 
‘Oxygen (pare, or mised with other gases, or condensed in the interstices of thu~ 
oval) is paratsagcatic, In reference to crystalliso! Relies, see what: tas eur 
discovered, in relation to the position of certais axe, by the sagacious Pitcher, 
(Poggeod. Ans. BL 73, 8.178 ; aad Phil, Tras fe1891, Art. 1 § 2896— 
2842.) The repalsion by bismuth was frst recegriondyin 2778, by Bemgmany 
and, at nlater pesiod, moce thoroughly examined by Le Baill in 1837, at by 
Seebeck in 1828, Faraday himonif (§ 24292431), Releh, and Wilkes 
Weter, wha, tinco 1836, has been 20 uninterruptedly active in the advapcemet 
of the knowledgo of the Earth's magnetism, have brought forwand the esesdesion 
‘of diamagzetic phencmens with those of induction (Poggend. Aum. BA 72, 
S41 and 253) Weber tried to satisfy Bimself that dlammageatioen thas the 
source in Ampire’s molecular currents. (Wilh. Weber, Abbundhunges tbe 
vlectro-dynamische Masobestimmungen, 1852, 5 545670.) 
4) p 84 —Pee producing this “ pelarity,” the 
ticte of caygen aro separated by the Earth's “actio in distana,” a certain amoust, 
fe a determinate direction, ant with a determinate fecce. Svery jerticle of 
oxygen thus represents a sczall magnet, and oll thee ateall mageth rset aps 
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each other, as well ns npon the Earth ; and lastly, act in combination with the 
Earth tpn an imaginary needle, placed anywhere within or without the atmo 
sphere, We may compare the oxygen surronnding the Earth to an annature of 
poft iron applied to a natural or to a steel magnet; the magnet being suppoond 
wpherical like the Harth, and the armature a hollow sphore like the envelope of 
‘oxygen la the atmosphere surrounding the Earth, ‘The dagree of magnetic power 
which ench particle of oxygen can receive from the Earth's constant magnetism, 
luniniashes with increasing temperature and rarefaction of the gas, Now aa the 
furs course foam east to west in followed by # constant increase of temperature: 
‘anil expamicn, this must produce a modification in the magnetic relations of the 
Earth and ite oxygenous envelope, which, in Frraday’s opinion, is the source of w 
partof the variations of the observed elements of terrestrial magnetism. Pllicker 
finds that, inasmuch as the degree of force with which magnet acts upon oxy- 
‘gen is proportioned to the density of that gas, the use of the magnet affords a 
wlmple eadiometric means of recognising the presence of one or two bundredth 
parts of free oxygen ix a mixture of cases. 

() p. 86—Koemos, Bd. iv. & 10 wnd 11 (English edition, p. 10 and 11). 

() p 87-—Kepler, in Stella Mortis, p92 und 34, Coropare therewith his 
 Mysterinm coumogr." cap. 20, p. T1. 

(%) p. $7.—Keunss, Bd, sll, $416, Anm. 23 (English edition, Note 489), 
where, beth in the original and in the translation, * Basis Astronomim * has bres 
pelated instend of, ns it ought to be, “Clavis Astronomim." The poesage 
(§ 226) in which the eolar evolatica of light is termed “ a perpetual aurora,” le 
ot to be found In the first edition of the Clavis Aste. of Horrebow (Havn. 1730), 
ut cnly im the later edition, contained in Horretow's * Operum mathematico. 
pliyeleoram,* 1. L. Hava. 1740, pag. 317, where there is a Second Part of the 
‘Claris in which the passage occara Compare with Horrebow's view the entirely 
wocordant views of Sir William and Sir John Herschel, Kosmos, Ba. li. 8.45, 66 
(Aum, 22), 256 and 262 (Beglish editien, p95, xi, Note 68), 176, and Note 
289, 

() p 87.—Mémoires do Mathdin, et de Phys. présentds h TAcad. Rey. des 
‘Se. t Ix. 1780, p. 262, 

(7) p. 88" So far aa these foar stations (TTorento, Hobarton, St. Helens, and 
the Cape), #0 widely separated from each other and so divereely situated, jastify 
in generalisation, we may arrive at the conclusion, that at the Jecal Loar of seven 
‘woul tight At. the magnetic declination is everynchere eubject to a variation f 
nbich, the period is a year, and which Is everswhere similar in character apd 
mmorent, conilating of a movement of the north end of the magnet from east to 
‘rest hetmeen the sccthera and the svethern solatice, and « retern from wont to 
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‘east between the southern and the northers solstice, the ampilituve being abet 
five minutes of are. The turning periods of the gear aze pot, ss mazy might 
be disposed to anticipate, chose mothe in ahich the temperature of the sarferr 
of our planet, or of the eebooil, or of the ateacephere (as far as we pom the 
tease of judging of the temperatare of the atsnoaphere) adiaing ie snc 
end minimum. Stations so diversely sitoated woald indeed peesmt in ther 
ronpects thermic conditions of great variety: whereas uniformity in the epeck 
‘the tsrwing periods is a not less conspécooas feature is the anmtal variates es 
ia similarity of character apd nuinerical value. At all the stations the solatiow 
are the turuing periods of the annual variation at the hour ef which wt uv 
treating. The only periods of the year in which the diurnal or horary wattle 
‘at that hour dots actually disspprar, ane at the eguimenes, when the em 
passing from the coe benisphere to the other, and when the magnetic owt 
in the course of its annual variation from east to west, ce vice very ovintide 
with the direction which is the mesn declinatios of all the months and of al the 
hears. The onrwal variation is obvieusly ecnpected with, and depenient 1 
the Earti‘s position in its cebit relatively to the win, anand which ik ovate; 
the diurwal variation is coaneeted with, and dependent on, the rotation of th 
arth on its axis, by which each meridias successively passes through ery 
‘angle of inclination to the sun iz the roandef twenty-four hours.” Sabin Os 
the angoal and diarnal Variations (Observations made at the Magn. and Sleteont 
Observatory at Toronto, vel. H. p. xvil—as.). Compare also bis Memelr en the 
annual Variation of the magnetic Declination at different Pesiods of the Duy, 
‘tbe Phil. Trans. for 1851, Pt IL p. 635, and the Intredmetion to meh &. of the 
Observations made at the Observatory at Hobarten, p. xxxivesameyl, 

(*) p88. —Sabine, On the Means adopted for determining the abedtate Valen, 
secular Change, and annual Variation of the terrestrial maguetic Force, ts thy 
Phil, Trans. for 1850, Pt. Lp 216. Also in Sebine's Opening Address to the 
Meeting of the British Association at Belfast, in 1852, he sayan—" Ik isa rh 
markable fact, which has been established, thet the magestic force ir greater it 
both the northern and southern betnispheres in the menths of Decertiber, Jarmsery, 
and February, when the sun is nearest to the Earth, than in thoes of Mag, Jon 
and July, when be is most distant from its whereas, if the eillects weredus te 
tazpeainny Cet, oii shel bebo SSeS 
alfected in each of the two periods referred to, - 

(©) p88. —Lamont, in Poggend. Ann. Bd. 84, 8.6790 

(*) 1p 89.—Sabine, On periodical Laws discoverable inthe mean Eeeta of the 
Unger tnagnetio Disturbances, in the Phil. Trans, for 1852, Pols p 128, (Kew 
‘mot, Bd, iv. 5. 73; English edition, p. 78.) te 
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(*) p 89.—Kostnos, Ba, iii, $402 (Eagliah edition, p. 202). 

(*) p. 89.—Kosmon, Ba, iil. $ 238 (English edition, p. 158). 

(7) p 00—Keeil, Eictlass des Medes anf dio magnetische Deelisation, 
1892, 5 27, 29 and 46, 

A") Pp Ole-Kosmos, Bd. i. S407, Anm, 55, apd, in rogant to mateoric 
stones, S137; alao Bd. til, S. 594 (English edition, Vol, |. Note 85, and 
$226 Vel. ili, p. 491). 

(*) pr 92.—Compare Mes. Semerville, in her brief bat Jucld representation of 
Werrestrial segnetises, founded on Sabine's writings, in vol, ii. p. 102 of hor 
Phyoleal Geography (20d edition) Sie James Ros, who, on his grent antaretio 
expeilition, eroened this curve of weakest foros, December, 1859, Int. 19° S., wot 


(7) p92. — "Stations of an intermediate character situated between the 
porthemn and southern magnethe hemispheres, partaking, although in opposite 
seasons, of these contrary features which separately prevail (in the two bemi- 
spheres) Unroughout the year.” Sabie, in the Phil. Trans. for 1847, Pt, 
OD and 57, 

(7) P93. — The Pile. of Intemity of Force is nat. the Pole of Vertieity, 
CPhIL Trane. for 1846, Pt, IIL. p. 256.) 

(7) p 9% — Gane, allgem, Theorie des Endmagnetionas, § 31. 

(7) 94 —Phib Trans. vel. xeakil. for 1724, 1795, p. 992 ("to try if 
the dip wad vibrations were constact and regular”) 

() 4. —Novi Comment. Acad. Scient. Petropol. t. ais, pro anno 1769, 


(79. 95.—The niga 4. poefixed tow latitede signifies “North;” and the 
siqu =" South” [In this translation the words North ana South, o¢ the letters 
1N. asl S, ure employed foe the same purpose —EA.); aod Hast aad West sigsity 
East and Weat bomgitude freen Paria, unless etherwine sated, (Ta this translatian, 
ton the other hatd, Kant ant West, or E. and W., signity East ce Wert longitnde 
| from Greeneich, wajess otherwise stated —Ea.] In the rection ca Terremtriat 
‘Magnetisan, from p. 80 to p. 153, wherever marks of quotation (* ") coeur with 


(7) p96. — Filth Report of the British Association, p72; Seventh Repeet, 
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p64 ant 63; Comtrchctions to Terrestrial Magnetiam, Na VI) ds the Tel 
‘Trane for B48, PTL 254. 

(7) p 97. —Sahiow, bo the Sevveth Report of the Brit, Assocs p77, 

(7) p97 —S& Jeers Beas, Voyage in the Southern and Antaritic Regions, 
va \ R223. This greet carigator crossed the line af greatest foeve tel 
Setwee Kizpaukee ant Vix Diemsen's Islands; first in 46° 44" S lat, 19902 
bey. where the force was 2034, from whence it diminished to 1/824 st 
echartes (rok i 16% end 106); wed wm your afterwards, from the i ¢ 
Jesaary to the Sed of Apeil, 1841, when we find, frum the journals af tht 
Firchee, that fem 77°47" to S1° 16’ South latitods, and 175° 43°40 196° 
Yast Imgitade from Greerwich, the intensity of the Earth's magnetic tt) 
faroe was always above 2-00, and even reached 207, (Phil. Tram, fie 163) 
PRIL p2N—215) Schine's reseit for the one forus ofthe evethers heel 
apleere (Int. €4°, loog, 137° $0" BL), which T lave given in the text, ib deceel 
from Sir James Rast's observations from the 19th to the 27th of March, 1841, 
Letwors 58° amd G4? 26'S. let, and 128° 40 and 148° 20’ E. long, “eroming 
the secthern laewynamle eltiyee ef 200 uboat midway between the estreltit 
eof tt principal exia” Contributions to Ter, Mag. in the Phil. Trams, for 1844, 
Pt lll p ane. 

(*) p97. — Ra's Voyage, vol il p. 224. Acconting: to the intrneien 
civea fer the veyage, the two seathers foci of maximum foros were ‘conjectam! 
to be iz 47° S lat. 140° E leng., and in 60° S Jat, 235° Bi tong 

7) p OSPR. Toms, for 1850, Pt. Lp 201; Admienhey Manna 180, 
ps 16; Erman, Magnst. Boob. S437 454. 

(™ np. — 0m the map of the dye Dou Mat Ait 
‘VIL of Subine's Contributions to Terrestrial Magnetism, by am nceldental erm, 
1408S fa the sunber given instead of 1421; tat the lutter, which a the te 
sumer, is given in the text of the Memolr, p 252. ‘There dx sla a typ 
graphical eevee is the portion added to Note 158 in the English trasalation 
Kosmos (Vel. i, p 414), 159 being printed instead of; as it onght tate, 1441. 
C*) p99, — 15°60 is taken from No VIL. of Sabinels Contety 
From: the Table cf the Observations of the Eredee (Phil, Trams fie 186% 
Pi, TL pp 160 wed 172), we see that scene of the cbeerestions, tal 
in 77° 47S lat, 172 40" W, long, eres gate 2126 
‘The alee of 1560 im absolate seals enppoes’ the intensity, 
ae a ne thee cases Sabet 
Qlag, aod Met. Observations at Hobarton, rob is p. 
been a Little angmented In vel. ip aiviy where its given wi 19:56, athe 
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Adwuiralty Manual, p. 17, T find the force at tho stronger southern foeus altered 
accordingly to 15°8. 

0) p 99.—Sabine, in the English teanalation of Koumoa, Vol. lp. 414. 

(0) Pp 100.—Son tho interesting representation entitled: Map of the World, 
Aiviled into hemispheres by a plane coinciding with the meridians of 100 and 
280 B. of Greenwich, exhibiting the unequal distribution of the magnetic ine 
tensity in the two hemispheres, Plate V., British Association Reports for 1837, 
72-74 Eman fonnd the forte almost always below 0-76 (very weak 
therefore) between 24° 25° ani 13° 18'S. lat., and between 34° 52’ and 92° 42° 
‘W. long. from Greenwich, 

0) po 100, — Koutnos, Bd, i. & 198 and 435, Anm. 30 (English edition, 
Pp 175 and Noto 160). 

0) p. 100. —Res's Voyage in the Southern Seas, vol. i. 22 and 27, Soe 
who Kosmos, BA. iv. $84, Anm. 88 (English Edition p. 92, and Note 68). 

(*) ps 100, — See Table of Sulivan's and Dunlop's Observations in Phil. 
‘Toms 1840, PLL p43. Their minimum, however, was not lower thas 
e00, 

0%) pr 101.—We obtain 1244 by comparing, in tho absolute scale, 64 at 
St. Helena with 15°60 at the stronger southern focus; or 11247 by comparisan 
of St. Heleas with the southern maximum sogmented to 15°8 (Admiralty 
‘Manual, p17): 11291 by comparing, in the relative scale, Erman's otoerrn~ 
‘tion in the Atlantic (0706) with the southern foras (2°06); and eveo br 205, 
Af we compary, in the absolute scale, the weakest fores observed by Erman (835) 
with the highest revult for the southern focus (158). A mean number weald 
‘be 1:22:60, Compare for the intensity of the force at St. Helena (6'4 in abso 
Jute, of 0846 in relative scale) the enrliest obsorrstions by Fitx Roy (0-836), 
DPhil. Trans, for 1847, Pt 1 p. 52, and British Association Report for 1837, 
B6, 

0%) p 101. — Compare English translation of Kosmos, Vol. i. Editor's Note 
158 p lill—Iviii., and No. VIL. of Contributions to Terrest. Magnetism, p. 256. 

(™) p. 102. — What can have led to the erroneous riwult obtwined in the 
‘geal mines of Flenn, viz, that at a dopth of 83 French feet the horizental in 
teoalty increased 0-001? Journal de Tinatitut, 1843, Avril, p46. In aa 
English coal mine, at « depth of a thousand feet, Henwood frund ne inceease of 
force, (Brewster, Treatise on Magnetism, p. 275.) 

(ps 103.—Kosmos, Ba. i, 8.418, Ba, ir. 8, 36 (English edition, Val. L 
‘Note 124; Vek iv. p36). 

(8) p. 108, — In my observations, a diminution of maguetic force with ime 

VOL, IV. 6 
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Joetiens whieh Necker and Forbes have rnised a3 to the result, soe vol, xir, of 
‘the Trananetioes ef the Royal Society ef Eiiburgh, 1840, p, 2925, LAU the 
plevatias given im this and the preceding vote are, as in the original, in French 
feet it did net appear mocesaary to encumber the page by stating thom in Enags 
Hah fret likewlse—Ea.} 

0%) R 104—Conpare Langler and Manvais, in the Comptes rendas, & xvi, 
1B43, p. 1175, und Bravnls, Obsery. de I'Intensité dn Magnéikame terrestre em 
France, ea Suime et ex Savoie, in the Annales de Chimie et de Phys. 3* série, 
fe avlih 1846,» 204; Kroll, Rinfluss der Alpen auf dle Intensitit, in the 
Denksebriften der Wiener Akad. dee Wiss., mathen. naturwiss. Cl. Bd. i. 1850, 
S205, 279, and 290. It te the more remarkable that » very exact observer, 
‘Qufialet, shoold have found, in 1830, the horizontal intensity at Geoeva 1-080, 
et tho Cel do Baline 1-091, and at tha Hospice on the Grand St. Bernant 14096, 
belng: am Increase with increasing elevation. Comp. Sir Darid Brewster, Treatiee 
om Mognetiam, p 275. 

(2%) p. 104-—Annales de Chimie, &. lll, (1805) pp. 86 and 87 

(") p 104 —Arago, fa the Annusit da Barewa des Longitudes pour 1836, 
> 287. Forbes, in the Edinb. Trans, vol xiv, (1840) p 22. 

(") p 105. — Faraday, Exper. Researches in Electricity, 1851, p53 xml 
‘77, § 2881 nod 2961, 

(!") p. 105 —Cluristie, in the Phil. Trans, for 1825, p. 49. 

CD ps 106.—Sabine, On the periodical Lawa of the larger magnetic Disturb 
anew, in the Phil. Trans. for 1851, Pt. 1. p. 126; and the sane, Oa the anual 
‘Variation of the magn, Declin, in the Phil. Trans. for 1851, Pt. IL p 636. 

(0) p 107—Obsere, made at the Magn, and Meteor. Observatory at Teeenta, 
‘vol b (1840—1943) p. Ixil, 

07) B 107. —Sebine, la Magn. and Metece, Obserrations at Hobarton, vol. 
plsix. “There is nloo a correspaadence is the range and tursing hours of the 
dinmal variation of the total force at Hobarton and at Toronto, although the 
progremica is # dowhe one at Tecento, and a single cae at Hobarton.” ‘The timo 
of the maxinum force is, at Hobarton, between 5 and 6 rat, apd that of the 
prinelpal maxioum at Toronte 6 re; the time of the mininum wt Hobarten fs 
between 8 aml 9.A.96, att that of the secondary minimum at Toreate at 10 Art, 
Therefore, nocerdigg to local time, the iocrease and decrmase of the farce Callan 
the same heurs la the two hemispheres; not the epposite ones, as he the case of 
the inclination mint declination, On the cass of this phenomenon seep. Isla. 
‘of the adory-citel werk, (Compare also Faralay, On Atmospheric Maguetion, 
§ s027—9034.) 

(0) IB 167, —Phil, Trans. for 1850, Pe, L yp 215 to 217; Magostical Ob- 
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eqrvathns of Heberter, vol 2 (1862) p xhei Compure what has bern aid 
above ia Mute 1. + The tutal fheve shows lens Eidience at the ppeniee nesses 
of the year at the Cape of Goat Hope than does the inclination” Mags Obert. 
Cape sf Good Hope, vel 1 (1551) p te 

(C™) F108. —See the sapaetic portion of my Auie Centrale, tH p 442 

(7) BWR Se Jobs Barrow, Arctic Voyages ff Decovery, pp S21 sat 
529. 

(™) p 108. — The highest inclination yet cbvervnd tx Siteris way ely £2° 
16; by Middeodorf, oo the Kiver Taimyr, is T4717 Met, and 5° ar 
Jeeg. (Middeod. Shir. Ree, TRL S 184) 

(=) p 108 — Ser James Riu, Voyage to the Antarctio Regions, volt 
2G, “1 bad eg cherkibed the embittas bope te past the fag af my 
country on beth the magnetic poles of oer glhbe; bot the obvtackes which pre 
sented themselves being of so imermenntable a character, was some degree uf 
consolation, as it left us no grounds for snlf-reprosch.” (p. 247.) 

() p 109 —Sabios, Preduless Expertinests, 1825, 5 476. 

(CP) p 109. — Sablon, in the Phil, Trae for 1840, PLL p 237, 159 aad 
146, For the movement of the African sede, I follow the exap appendal t 
that mumscir, 

(™) p10. — I sabjein, as is abeays my custom, the Clemente of this set 
‘simportant determination: Micaipaspa, a small mountain-town in Pers, 
tthe foot of the Cerro de Gualgayor; 6° 44° 25" 5. lat 80° 89° 3” W. lang: Gen 
Paris; elevation 11,140 French feet abore the Pacific; mageetic tacliaathn 
(P42 North (centesimal divinios of the cirele). — Caxamarce, a town staatel 
om plats, 8784 French fort above the oma, i& 79S" S8"S. bat, 29°42 
W, long. frotn Paris; inclination 015 Sosth—Moatas, a hacienda, marvel 
by berds of atm, is the beart of the ssomatains; €° 33° 9" S lat, 5°26" at" 
W, huog.; eberation S042 Frecch feet; Inclination 0°70 Nerth—Teenepesils, le 
the province Juss de Beacamoros, at the moath of the Chinchipe at lis Junetiee 
with the Amazons; i= 5° 31° 28” S. Int, 80° 57° 90° W. Jong.; elevation 1548 
Frewch feet; inclination 3°58 Neeth. — Truzillo, a town in Perm, ox the ae 
coast, in 6° 6° 40" S. lat, 81° 29 97" W. loog.; inclination 2°15 South 
Homboldt, Recueil d'Obeerr. astroa. (Niveliement barenétrique et géaléilque) 
vol. i, e916, No 242, 244—254. For the tases of the astromotniieal deters 
‘minations by stat-altitades sod chrucometers, vee the same waek, vol, 5 Pec 
91, By 8 singular sccident, the resalt of my teelinetion ¢ u 
1802 (7° 2" Slat, 81° 8" W. loog,), notwithstanding the effet of seule 
change, agrees not badly with Le Monnie's theoretical estimation He sll, 
To the north of Litns, the magnetic equator must te found, ta 1776, In 7] 





NOTES, xxix 


‘ct mont in 64° South latitude!” (Lois da Magnétisme compartes anx Observa- 
thous, Partie IL; p. 59.) {In this Note the longitudes have not, as elsewhere, 
‘boon converted Sete lengitades from Greenwich; they are all from Puris—'T¥.} 

C*) p 110, — Saigey, Mdm. sur !Equatear magnétique Capris Jes Odserr. 
‘Lo Capitaine Dapecrey, in the Annales Maritimes et Calouiales, Dec. 1885, t. iv, 
iS. Te wad already remarked, in this memoir, that the magnetic equator is 
‘pot wn isedynamic line, but that the intensity of the magnetic force varies, at 
didtereor parta of the line of no dip, from 1 to 0'867. 

0") p. 110, — ‘This position of the magnetio equator has been confirmed, for 
1830, by Erman, On bis rotarn from Kamtschatlea to Burope, he fourd the 
iimdlination almost ull in 1°20" § lat., 194° 57" W. long.; in 1° 52° & Inte, 
457° 90° W. Yoog,; ia 1° 54" N lat, 136° 5" W. long; and is 2° 1S laity 
M41® 25 W. long. (Erman, Magnet. Beob, 1843, 5 596.) [In this Note, as 
fim Note 128, the longitudes have all been beft in Jongitodes from Paris, instead 
Jaf being couveeted into longitudes from Greenwich, as is doue wherever ecthing 
ka stated to the contrary, — Ed.) 

() p 1O—Wilkew’ United Staten Exploring Expedition, vol. fr. ju 263 

() FU A—Ellliet, in the Phil. Trans. for 1851, Pt. Lp 287391. 

(°*) p 11L—Duperrey, in the Comptes rendus, &. xxll. 1846, p. 804—806, 

() p 1S—Letter from Arags to myself free Mets, 13th December 18275 
© Fal parfaltement corataté, pendant les aurores bordales qui se sent montries 
dernltrement b Tazis, que Tajparition de ce phénemboe est tonjours nccompagnce 
‘Pune variation dans ia position des aiguilles horisontales et d'inelinaison comme 
ans Tintensité Les changements d'inclinaison ont été de 7h 8’. Par cela 
‘seul T'alguille horizontale, abstraction fhite de tout changement d'intensité, devnit 
‘cocilier plus 00 moins vito euivant I'époque oh se fuiait Wobsorention; sais oa 
-corrigeant Ins résultats par te calcul des offeta immudiats de Vinelinaisce, i tn'est 
qeoere rerté une variation sensible d'intensité, Ea reprenant, par une nouvelle 
‘tnitbode, bee observations diuroes dTinclinaisan deat ts efavais va occupé pens 
‘dant ton dernier ofjour h Paris, j'ai troard, nen par des moyennes, male chagee 
fore, exe variation régollice: Meeelinaison est plas grante Je maatio hk que le 
sic bG, To emis que Fintensitd mesurvc avec une aiguille horizontals, ext att 
comtmaire A 200 minimum bls premibre dpoqne, et qu'elle attelet see eucnetanan 
datre G 04 7* du sei, Le variation totale étant fort petite, on praralt suppeser 
fer'edle w'dtait be qu'at sud changenent dinclisaisn; et eo «Get In plus grande 
portian de le muriation appurente Cintensilé dépand de Yale(catleo diurae de ta 
‘sempooante borizontale: mais, toate correction faite, i} reste copenlant wor 
pothie quantitd comme indice d'une variation réelle Pintemsiid,” Foon ancthar 
Setter frees Arnage, written from Maris, March 1999, © bert time before my 
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NOTES. xxxi 
Wad nix, 8 357-991; apd in tho Voyage aux Mégions dytinox, tHe OG 
and 625, 

(™) 8 —Hamteen, ther jthrliche Verdnderung der Inclination, in Voge 
fend. Ans. BA xxi. 8 403—429, Compare also, ca the influence of the 
movement of the nates of the magnetic equator, Sir David Brewster, Treatibe on 
Maguetion, p.247. Now that, through the abundance of observations wt fixed 
stations, we havo so vast Gell for special inquiries, we find frewh en fresks 
coumplications arise in oar vearch after rogularity and law. 

C4) pH Phil, Trans for 1841, Pe Lp 95, 

CM) p.119.—Compare Sewelieff, in the Balletin physico-rathématique de 
Acad, Imp de St. Pétersd, tx. No. 219, with Hambeldt, Aste Conte. te ii. 
Be 460, 

0%) 120. —Eabiion, Magn. Observ, at the Cape of Gook Hope, web i 
pe tay. 1 we might trust La Caille’s dip obserraticas tn 1751 (ho, indeed, never 
failed to invert the poles, lat his needle did uot move sufficiently freely’), there 
yroull result for the Capp an increase of inclination of 10°08" in eighty-nine 


yearn 

0") 1p 120, — Ange, in tho Aunwiro du Barewn dé Long. pour 1825, 
p. 285—288. 

(QM) p. 121. — 1 repeat bere that all the Europenn dips clted in this part 
of the text aro in the seal graduation of tho civcle in 900°; it is only thine 
cluerved by me ¢a the American cootinent, price to the month of June 1806 
(Voy, aus Regions équinox, t. ik, p. 615-023, which refer to x cemtesimal 


(0) pe 128. — The Churprint Mine at Predberg in the Saxon Eragebirge: 
thn subterranean glace of ebservation was on the 7th“ Gevsagstreck,” in the 
“Ludwigee Spathzang;” ©0 “Lackter™ oust of the “ Treitechaslt,” 40 
Lechter” west of the “Kunstectacht;” depth 193} "Lachter.* ‘The obeer 
‘vations were nade with Freiesleben aad Riel wt 2% rat. Clemperature of the 
mine 16°6 Cent.); inclination with needle A 67° 37°4; needle B G7? 32°7), 
ments of the two Lentles in the mine 67° S5*OS, In the epee alr, wt the purfeoe 
uf the grouml, at a xpot precisely vertical abyro the subterranean ona, at 11 Ao, 
eedle A gave 67° 39°87, and needle B 67° S¥-12; mman of the two peedie 
sat tho. upper station 67° 32'99 (tamperature of the ale 15°S Cent), Diiferenee 
between the revelta at the upper aad hwer stations 2°06, Noodle A, which, 
feeling the stronger, was always regarded Vy nie with movt confidence, gave the 
Midierence even higher than the meen of the two, telag 3°53 ko firour of the 
Jower stathony the difference shown by neolle It, taken aloe, being scarooly 
wesulble, (Humboldt, in Pogo. Aun, Bd. xv, 8, 926.) ‘The method whieh J 
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always employed has been deseribed by me in detail in my Asie Ceatrate, p 
465—467. A mean result with each needle consixte of sixteen readings, ts 
‘estimating the probable value of determinations of such small quantities, it 
important to consider the detaila of obsereation, 

() p 123—Kosmos, Bd. LS. 417 (Rnglish edition, Note 125). 

(\") p 123.—Humboldt, Voyage anx Régions dquinox. & & p 615—S17, 

() p. 125.—Erman, Reise um dio Kole, Ba, i 8, 180. 

(’®) p. 125.—Konmnes, Ba. iv. §. 53 (Englind edition, p 55). Petrus Pere 
ssrini wrote tow friend that, in 1269, he had found the variation iu Italy 6° 
eat. 

(0) Pp. 126.—Hamboldt, Examen crit. do I'Hist. de Is Gfogr. t. Hp 29, 95, 
38 and 44—51, Although Herrera (Dec.i. 7h. 28) says that Columba hal re 
‘marked that the magnetic rarintion (declination) is not the saane iin the day ant 
at night, yet this statement by no means justifies us in attributing to the gree 
discoverur a knowledge of the diurnal variation of the declination. Pree the 
enuino journal of Columbus, in his Voyages published by Niwarrete, we fess 
from the part belonging to the 17th and BOth of September 1492, that Be ee 
forted sich changes to sn “unequal morement of the pule-star and the polaters,” 
called by hiim watchers or guards (guardas), (Examen erlt, de I"Hist. de te 
Géoge, t Si. p. 6659.) 

() p 126.—Kommos, Ba. iv, & 60, Anm. 66; and S 70, Aum 72 
‘CKoglish edition, Note 66; and Note 72), The oldest printed observations i 
London are those of Graham, in the Phil, Trans for 1724, 1725, vol xxaiii 
- %6—107. (An Account of Observations muda of the Horizontal Needle, 
at London, 1722—1723, by Mr. George Graham.) He said that the eaage 
in the declination depended “ neither upon heat, nor cold, dry, ee meist air."— 
“The varlation fa greatest between 12 and 4 in the afternoce, atl ait at 6 
or 7 in the evening.” ‘These are not, indeed, the true turning Kours. 

() p. 127.—This is shown by numerous observations ; by thos ef George 
Fuss and Kowanko, at the observatory belonging to the Greek courest fa Polis; 
Anikin st Nertchinak, and Riddell at ‘Toronto in Cannda (all places having 
‘west declination) ; also by observations made by Kuptler and Simomoll, at Ka 
san ; by Wrangel at Sitka, on the north-west coust of America, netwithatanting 
the frequent suroral disturbances by Gilliss at Washington ; Bomslagastt 
Marmato, in South Amerion ; and by Duperrey at Payta, om the const of Pes 
(oll places having east declination). The mean declination wax: at Pekin 
(Deo, 1831), 2° 16’ 42" W. (Poggend. Ann, Bd. xexiv. R Sa)y at Ner- 
tebinsk (Sept. 1832), 4° 7 44” W. (Poggend. Ann. Ba. xxiv. S G1); at Te 
wate (Nov. 1847), 1°93" W. (Compare Obseev. at the Mage. aad Met, Oteeres- 
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tory at Torwste, vol. i. p. xd; and Sabine, fo the Phil, Trans. for 1851, Pt. 11. 
P 696); Kanan (Avg. 1828), 2° 21° E. (Kopifer, Simonoff, and Erinas, Raina 
tum die Erde, Ba. ii, 5 92) ; Sitka (Nov. 1829), 28° 16° E, (Bran, Reine 
tam die Bede, Ba. il. 8. 546) ; Marmato (Aug. 1828), 6° 33° E, (Humboldt, in 
Poggeod. Ann, Bd, xv, S331); Payta (Aug. 1823), 8° 56° H. (Duparrey, 
in the Coanaissance des Temps pour 1928, p. 252). At Tiffix the needle mores 
swestorand from 19° to 3° (Parrot, Reise sum Ararat, 1834, Th. IL. 8 58). 

(*) p. 198. —Extracts from a lotter written by me to Karaten, from Rome, 
Ture 22, 1805, printed in Hanateen's Magnotinnus der Erde, 1819, & 450, on 
‘the subject of “ four murements of the magnetic nesile, as it were four magnetic. 
‘ebbs ant flows analogous to the barometrie periods.” On the subject of the #0 
Tong neglected nocturnal variations of the declination, compare Faredsy, = On 
the Night Episode,” § 3012—9026. 

()  128.—Airy, Magn. and Met. Observations made at Greeawich, 1845 
‘CHenalts), p 6; 1846, p 94; 1847, p. 999. Tquote from a letter, dated the 
‘UW October 1836, from my friend, the distinguished director of the Berlin 
‘Obserratcey, Encks, to show how well the earliest assigned turning hours, both 
ef the day and of the night, derived from corresponding observations at Berlin 
‘scot Drevlan, accord with those which have since been obtained frem the fuller 
ssyaters of observation at the Greenwich and Toronto observatories: —" I do not 
‘think that there cas be any doubt, in general, as to the existence of the neeturmal 
maximum, or inflection of the curve of the diurnal variation of the declination ; 
Dove also inferred it from the Freiberg observations in 1830 (Poggeod. Ann. 
‘DM. xls. & 379). In jadging of the phanomens, graphical representations are 
mimch tore advantageons than tables of wuinbers. In the former, great irrejgu- 
Uaritles are easily seen to be such, and admit of a mean line being drawn 5 while 
in thos Intter tho oye is frequently deceived, and takes © single striking inregue 
larity for a real maximum or minkmom, ‘The period appears to bo determined 
by the foar turning hours;s— 

* Greatest oust declinatica = + + 20% - ~  grincipal mux. east. 

me wet De = principal min. east, 

Secomlary east = = = 10 = = canoe max, enat. 

west » = + + 16 = + tino min. eee 


<The secontary minimum, or neetarnal eleogation towards the west, falls, prow 

peely speaking, between 15° and 17°, being eowetimes mearer to the oe, and 

seonetlnes to the other of thove hours” Tt is ecnrcely necessary to remark, 

that what Excke and I called minims to the east (at 1 and 16%) are the 

samme which, al the Beilsh and American observatories founded in 1840, are 
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called maxima to the weet ; and that our “maxis to the exit” (et 20° ad 
10%) corvespond to thoir minima to the west. Im onfer to show the dices 
march of the declination in the northern hemisphere, in its geowrality ead ase 
ogy, I take the denominations employed by Saléoe ; and using the reas leek 
time of each place, and beginning with the greatest wvsterly ehongailm ww 


hare — 


Minimum 
Ms 


Tn particular seasons, Greenwich has shown some remarkable differences, be 
1847 there was, in the winter, only oxo maximum (at 2*) and oue minierem 
(at 125); in the summer there was a double progression, but the secon sisi 
mom occurred at 144 instead of at 16% (p, 296); the grestoet westerly elecgse 
tion remained attached to 2” in samimer as well asin winter. In 1846 (p.94)the 
secondary minimum was, in summer, as ususl, at 20, but in winter at 2% 
Tho mean winter increase to the west continued in this year, without interrup 
tion, from midnight to 2%, Compare also 1845 (p. 5). Makersteun (Bax- 
durghshire in Scotland) i the observatory due to the sesificent ecleutifie seal 
of Sir Thomas Brisbane. (See J. A, Broun, Observations in Magneties sal 
Meteorology, made at Makerstoun in 1843, p. 29t—227.) Ou the bourly 
day and night observations at St. Petersburg, eee Kupffer, Compte rendu os 
téor, et maga, b Mf. de Brock en 1851, p. 17. Sabine points ont, Ea reference 
to his interesting and very saguciously combined graphical represemtation of the 
hourly declination curve of Toronto (Phil. Trans, for 1851, Pt. IL. Plate 27), bew, 
previous to the sinali nocturnal movement to the west, which begins at 11° amd 
Insts till 15%, there occurs a singular pause, lasting twe hours, from 9* te 11% 
“We find,” Sabino remarks, “alternate progresion and retrogremice at Teruate 
twice in the twenty-four hous In two of the eight quarters (1841 and 1842) 
the inferior degree of regularity during the night oceaslons the eccarnesce of a 
triple max, and win; ia tho remaining quarters the tarming hours are the sume 
a8 those of the mean of the two yearn” (Obs. made at the Mage aad Meteor. 
‘Observatory at Toronto in Cannds, vol i, p. xiv. xxiv. 18S—19% and 935; 
nd Ususnal Magn. Dist, Pt. L p. vi) 

Yor the very complete observations at Washington, see Gillies, Mags aul 
Mot, Observations tade at Washington, p. $26 (General Law). (Compuce there 
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with Bache, Observatives at the Magn, sod Met, Observatory wt the Girard Cet- 
loge, Philalelphia, mato in the years 1840—1845 (0 vols., containing 8219 
peg), Vol Lp 709, vol Gi. px 1285, wl. fii, po 267 and B70R Netwith- 
mtanding the vicinity of the two places (V’hilatelphia & only 194° narth, nd 
(> T™ 39" ent of Washington), 1 fod a ditfereoce in the times ef the westerly 
secondary maximum and secondary minimum ; the former being on hewr and a 
half, apd the latter two heurs aad a quarter, earlier in Philadelphia than in 
Washingten. 

(0) p1R9—I fad instances of sach ereall differences of tims given by 
‘Livutenaut Cilliss, ix his Magnetic Observations at Washington, p. 328. In the 
unre northers latitade of Makerstean la Scotland (lat. 55° 35’), there wre fhic~ 
‘uations in the secondary minimum, which in the four Inet and threo first monties 
of the year takes place at 21%, but in the other five months (April to Augest) 
at 19%; contrary, therefore, to Berlin and Greenwich, (Broun, Obs made nt 
Makerstoan, p. 225.) The nocturnal movements uf the nosdle, the secondary 
gmaxitoum and secocdary minim, speak most clearly against the regular 
igrnal variation of the declination being duo to thermal variations; (the morning 
‘and principal mininnm does take place uot far from the misimum of tempers 
tare, and the principal maxinuin near the maximum of temperatare), “There 
are two maxima and two minima of declination in the twenty-four hours, bat only 
006 masiznum and one minimum of temperature in the saune period.” (Melsbuber, 
fo Pogyend. Annalon der Physik und Chemie, Id. 85, 1862, 8 416) Ow 
‘the normal march of the magnetio needle in North Geemmany, se an excellent 
sazd faith deweriptica in a Memoir of Dove's (Toggerd, Aun. Bd, 3ix. 8, 504— 
74) 

(0) p 120.—Voyage en Islande ot ou Grotalanl, exéeuté en 1835 ot en 
1536, sur la corvetio™ ta Mecberche ;” Physique (1838), p. 214——225 and 
‘358—167. 

(") pp 129.—Sabinn, Account of Pendulum Exyerimenta, 1825, p. 600, 

(™) Pp 130.—See Barlow's Account of the Observations at Port Bowen, la 
the Edinb, New, I’. Journal, vel. fl, 1827, p, 347, 

CO) pe 130.—Profesor Orlebar, at Oxfonl, at ope time auperintentert of the 
Mageatio Observatory cetabliahot at the exprase of tho East Indix Company 
on the Inland of Colada, has tried to make cat the complicated lawa of the vax 
‘lation of the declinathan te the mub-perlods (* Oteerrations made at tbe Magn, 
aod Met. Observatory at Bunbay, fn 1845;" Revalts, p.2—7), 1 hare bees 
strock, in the fest perlod, from April to Augnst, by the agreement with the 
march of the needle in Mid&le Eerope (W. mie. 19] max. Of, mln, Of, max. 
7%). The month of October is a transition period, for in November wad Dyce 
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ber the diioraal variation scarcely reaches twominutes. Althoupk Bombay is till 
8° from the magnetic equator, the regularity of the tarning homes is already 
hard to recognise, Wherever in natere differect kinds of disterbing camses act 
in recurring, but wholly or partially unknown periods, thes, inssmmach the 
disturbances often elther counteract or unequally reinforce each other, the res 
lating laws long remain concenled frem ts. 

(0%) p. 131.—See the proofs in my Examen crit. de FHist. do te Geogr. 
ii. p 34—97. The oldest statement of any particolar amount of declination 
was by Keutsungehy, a writer of the beginaing of the twelfth centary, and ex 
E.§S. (Klnproth’s Lettre sur Flovestion dela Boassele, p. 68.) 

(2) p. 131 —On the ancient iatercourse of the Chinese with Jama, according 
to the secounts of Fabian in the Fe-kue-bi, sce Wilhelm ¥. Hambulit, * Ueber 
dle Kawi-Sprache,” Ba.i. S 16. 

@®) p. 131. —Phil, Trans. for 1795, p SH0—349; for 1798, p S97. Tle 
result which Macdonald derives from his ebservations at Fort Marllermgh 
(situated above the tows of Benceclen, in Samatra, 3° 47'S. lat.}, according 
to which the exsterly elongation increases from 19% to *, dock mot sem 
te me to be quite warranted. After the hour of moan, the first ebyecyathe 
ordinarily taken was either at S*, 4", or S*; and some detached ohservations, 
cocasionally made at other hours, render it probable that in Samatra, ws at Ibe 
barton, the turning hour from east to west was as carly 292% We have twenty- 
thres months of declination observed by Maodanald (fron Jusse 1794, to June 
1796), and it appoars from them thnt nt all seasons the east declination inerestet 
from 19] to noon, by  coutinuous movement of the needle from W. to Weds 
not find in these obvervations any tree of the type of the piamnonwnns of tht 
northern hemisphere (Toronto movernents), which provable foes May te Septirs- 
ber at Singapore; although Fort Marlboroagh is almost tunder the same meriiae 
8 Singapore, and only 8° 4° of latitude from ity the Earth's equator, however, 
Passing between the two places. 

C*) p. 192,—Sabine, Magn. Obs. made at Hobarton, vel. 1. (1841 ami 1842) 
P: XExv. pQand 148; vol. Hl, (18431845) p. \il—sxay, and 179—H 
‘Compare also Sabine, Obs, made at St. Helena; the sume in the Phil. Trans fr 
1847, Pt L. p.85, PLIV. and Phil. Trans. for 1861, PLIL p. 636, PL XXVIL 

(™) p 1998. —Kosmos, Bd. i. S190 (English edition, p. 172). 

(C*) p. 154.—Sabine, Observations mage at the Magn and Meteor, beers 
tory at St, Helena in 1840—1845, vol. L p. 90, and the same ie the Pil 
‘Trans for 1847, Pt, Lp, S186. P11. The regalarity of the eppasitiee is 
the two parts of tho year, May to September fallowing the type of the middle 
ltitudes of the northern hemisphere, and October to February the type wf the 
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middie latitudes of the southern hemisphere, is seen in the graphical representa 
‘theo, with all ite striking distinctness, when we compare severally the form and 
nibexions of the curves of horary variation in the parts of the day from 144 to 22%, 
from 22 to 4%, and from 4* to 14", Each inflexion above the line of mean deelinn» 
‘tiow corresponds to an almost equal or similar one below it (vol. i. PL IV, curves 
‘AA and nn) Even during the night the opposition is sensible, and it is a very 
interesting remark that when at St, Helena and the Cape of Good Hope the type 
‘Ys that of the northern hemisphere, there is seen at these very southern places 
‘the kame anticipation of the turning hours as that which takes place in the saine 
months wt Toronto in Canada, Sabine, Observations at Hobarton, vol, i ps xaxvi, 

0%) p 135. —Phil. Trans, for 1847, Pt. 1. p. 52 and 97, and Sabine, Obserras 
‘tlons maile nt the Magn. and Met. Observatory at the Cape of Good Hope, 1841— 
1946, vol |. pexll—xxlll PI. TTL (Compare also Farnday’s ingenious views on 
‘the enuses of sach pacnomens in their dependence on the seasons of the year, in 
Me“ Experiments on Atmospheric Magnetism,” § 3027—9068, and on the ann- 
Dogles with St. Petersburg, § 3017.) Near the southern shores of the Bed Ses, 
‘8 very diligent obecever, M.d'Abtadie, is betiered to have observed tho same re- 
marknble change of type in the march of the declination in the oppealte parts of 
ithe year as that found at the Cape, St. Helena, and Singapore. (Airy, On tho 
present State of the Science of Terrestrinl Magnetiom, 1830, p. 2.) Sabine re 
oarks, iu the Proceedings of the Ioyn) Society, 1849, p. 821: “Tt results, from 
the prmsent position of the four points of maximum force at the surface of the 
Barth, that the intermediate line of least force departs considerably in the 
Sonthem Atlantic from the middle or geographically equatorial portion of the 
globe, passing between the Cape and St. Helena, and consequently mot fer feven 
wither of those stations, ‘The latitode of the Cape is 38° 56'S. Tt bs conse. 
‘quently not situated within the tropics, and the sun is throughout the year well 
te the north of ite aenith, and therefore, acconting to M. de Is Kive's thermal 
theory (Ann. de Chim, ot de Phys t. xxv. 1849, p, 310), the deviation should 
be In oom and the same dircetion throughout the year. But the fact is sot 20, for 
the axme contrarioty in the direction of the diarnal variation takes place at the 
‘Cape as at St. Helena ; the two portions of the year at which the opposite plae- 
‘pemena yeerail are also identical st the two stations; and at both the change ia 
the dirvetion of the deviation takes place about the time when the sun crosses 
‘the ejuator ; the deviation being to the west at both stations when the sun ty 
néeth of the equatce, and te the east when south of the equator,” 

(0) p. 138 —Ilalley, ““Aceount of the late surprising Appearance of Lights in 
the Air,” in the Phil, Trwos vol. xxix, 1714—1716, No. 347, p 422—438. 
‘Unfortunately, Halley's explanation of the Norther Light is connected with the 
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fanciful hypothesis propoanted by him twenty-five years before (Pbib. Trans. fc 
1699, wel. xvii. No 195, p. 563), In which be supposed the Earth co whick we 
dwell to be a Rollow slall, cactosing an interior mallet globe also supgarting 
jraman beings; and that "in order to manke that ioner globe capable of being isha 
hited, there might not improbably be contained seme lamingus medium Letwos 
the balls, so as te make a perpetual day below.” Then, sopposing that the Earthy 
compromicn pear the poles ef retation must canse the oster abwll to be thinser 
there than at the equator, be considered that at certain seasons, aad expecially st 
the equinozes, the interior luminens and magnetic Guid seeks « vest throagh 
fiesores of the rocks composing the thinner crust near the poles; and this 
streaming forth of the bright fluid is, according to Halley, the plasnemenia of the 
acrora, Experitnects with irm-filinge strowed over a spheruidalthapnd sage 
(“a terrella”), served, be coaisdered, to explain the direction of the lamineas and 
coloured rays of the sarora. “As every coe has bis own rainbow, wo avery ob 
werver sees the corona at a different point,” On the grognostic fancies of this 
ingenious, and in all his Sagnetical and astrenecical works, solid philosopher, 
compare Kosmas, Bd. i. S 178 and 425, Anm. 6 (English edition, p. 16% ani 
Note 156). 

('*) p 197-—In tho great fatigue of observing fer many successive nights, 
Citananns and I were ecenetimes relieved or aided by very trustwoethy ebservers— 
the architect Herr MSmpel, the goographer Herr Friesen, the highly informed 
mechanician Nathan Mendelsohn, and our great geegnost Leopsld van Bach. 
It io always a pleasure to m0 to name here, as in all any earlier writings, those 
who have kindly participated im exy labours, 

(') p. 188,—The month of September, 1806, was remarkably rick in sag 
netic storing, To exemplify this, Tsubjoin wn extract from my journals 


b 
H Sept. 1805 from to 


Bua SuwSu da 


The last was s small atorm, and was followed by the greatest calm, which laced 
through the whole night and following morning until noon. On the 290 ta 90k 
Sept. 1806, at 10" 20" 8 sinall storm eatil 11* 32, and then great calm uatit 
IP o 
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ETE 1uog—At 14 46%, a great storm, bat of short duration ; then ex 
tire quiet ; ste at 16* 90" another equally grest storm. 

‘The growt storm of the $j" Sept. bad been preceded by a still stronger one, 
Jasting from 7* $* to 0 11", Daring the winter which followed, the mamber of 
disturbances waa very amall, and at no time to be compared with the antumtal 
disturbances, I give the name of * great storm™ to a state in which the needle 
smaikes ovciliaticons of from 2010 38 minutes of aro, or passes altogether cnt of the 
seals, or moves sorspidly as to make any observation impracticable. Im © stmall 
storms” the cscillations are irregetar, and of fren 5 te 8 minutes im amount. 

() p. 138-—During ten your of ditigent observation at Paris, up to 1829, 
_Arago never saw oscillations eithout their being necempaniad by a "change of 
Declination.” He wrote to me in the above-named year: “J'ai oommaniqué & 
‘TAcaddmie les rémaliats de nos obvervations elmultandes. Sui 6 surpeis des 
wcillations qu'¢prouve parfols l'alguille de déctinalsoa & Berlin dans les cbveren- 
tons de 1806, 1807, et de 1828 et 1829, toes méme que la déelinalsen moyenne 
weet pas altdede. Ici (\ Paris) neus ne trourons jamala rien de semblable, Si 
Dnigulllle ¢preare de fortes csclilations, c'est sealement en tems d'warore boréale, 
oh lorsque ta direction wbooloe a dté netablemnent dérangle; et encore te piaa 
somment Jes Birangenents dens la direction ne seatdils pas accempageés du 
mouvement oxtillateire.” At is quite otherwise, however, with the phememena 
herve st Tocoote (3. lat, 49° 99"), which agree entirely with thoee at Beetin. 
‘The observers at Twconto were very attentive to this hind of motion, and noted 
“strong™ ant “alight vibrations,” shocks, and all degrees of disturbance, 
ncoomting to determinate weddivieoes of a definite scale, and according to 
determinate apt uuifarm nomenclature. (Sabine, Days of Unusual Magoatio 
Distarbances, vol i. PR Lp 46.) In this volume, comprising the observations 
of 1840 and 1841, an account is given in detail of six groups of successive days 
((weounting io all to 146 days in those two years), in which the cedillatinas were 
chien very considerable (“with steong abocks"), without sensible change, trem 
the normal declination appeupriate to the hour, Sueb greaps are designated by 
the heading, “ Times of Observation at Toromte, at which the Magootomaters 
rere disturbed, but the mean readings were ost materially changed” (See pp. 
47, 54, 74, 88,95 and 101.) ‘Tho alterations in the declination during the 
Ivvqeertly occurring displays of anirira tercalin were almwat always accotnpanind 
at Toronto by strom cocillation ; eften such ar even to make readings inxposaible. 
Welearn, then, by these jhmootna (tho still further exatnieation of wlileh ease 
‘wot be too earcestly rececnmetded), that although great menertary disquiet le 
often followed by considerable definitive variation i= the declination (Yeang- 
husband, Unusaal Disterbances, Pt. Ul. px), yet that, en the whale, the magrii> 
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tude of the are of Gevillaticn is by no means generally proportioned! to the 
magnitado of the alteration of the Geclination; that the ostillations may be very 
great, while the alteration of the declination is quite inconsiderable; and that, 
en the ather hand, the progression of the needle in east or west declinatien wey 
be rapid and considerable, without any vibeatory movement; and also that these 
manifestations of magnetic activity may assume at different places = peceler ant 
different character 

@) p 139 —Unosual Disturbances, vol. L Pt Lp 69 and 101. 

('*) p.139.— This was nt the end of September 1906. ‘The fact was 
published in Poggendorff's Anmalen der Physik, Bd. xv. (Apeil 1829) S $90. 
Ir in there said —" My older hourly observations, made in conjanetion with 
Oltnanus, bad the advantage that at that time (1506 and 1807) no similar 
conte ad been made either ks France or in England. They gare the moctores! 
‘masina and miaimna (of the diurnal variation —Ed.); and they made known the 
remarkable magnetic storms, which, by the strength of the orcillatory movement 
of the nendlo, often inake observation impowible, ane which return for sererat 
successive nights about the same time, without its having yet bees pemaible bo 
discern the operation of any meteorolygical relations” It was net, therefore, ix 
1839 that a certain periodicity [i.e a disposition to retarn at the same ec 
on successive nights,— Ed.) ia the extraordinary dintarbances was first reengniend. 
Citeport of the Fifteenth Meeting of the Britlah Association at Casnbridge, 1845, 
PLL p 12.) 

Cp. 189. — Kuplfer, Voyage au Mont Elbraz @ans Ie Camcase, 1829, 
p- 108: “Los déviations irnéguliires se répbtent souvent & lx mime heure at 
pendant plusieurs jours conageutit” 

(0) p40, — Sabine, Unusual Disturb, vol i, Pt L pxel, ant Yous 
liusbund, On periodical Laws in the largur Magnetic Disturbances, in to Whi 
Trans. for 1859, Pt. L p 173. 

(') p. 140, —Sabine, in the Phil. Trans, for 1851, Pt. Lp, 125 to 12%» 
“The diurnal raristion observed is, in fact, constituted by two variations separ 
posed upon exch other, baving diferent laws, and bearing different preporticas te 
cach other in different parts of the globe. At tropical stations the tadlsence of 
what hare been hitherto called the irregular disturbances (eangnetic storms) Se 
comparatively feeble; bot it is otherwise at stations situated as are Teruste 
(Canada) snd Hobsrton (Van Dieinen Inland), where their infloenee S beth 
really and proportionally greater, and arnonnts to a clearly recopnimble part of 
the whole diurnal variation.” There takes place here, i the complex rrauilt of 
different canses acting wt the samo time, that which Poisson lias so well dieneribel 
in the theory of waves (Annales de Chimie et de Physique, tovi 1817, 299) 
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“Pioslears fortes d'ondes peuvent se croiser dans T'eau comme dans lair; lex 
petits meavements se syperposms,” Comparo Lamont’s conjectures on the 
compound action of » polar and an equatorial wave, in Poggend. Annalen, Bd. 
bexziv. 8. 583. 

CI) pe 141.—See above, p. 138, Note 169, 

() p 142. —Sabino, in the Phil, Trans. for 1852, Pt 11. p. 110) Young- 
Iemsband, in the before-quoted work, p. 169. 

C) p. 142. — According to Lamont and Rolatuber, the magnotic poriod is 
10} yours; #0 that the amount of the meas diurnal movement of the needle 
‘would continually increase for five, and decrease for five years; tho winter more> 
‘ment (or amplitude of tho declination) being Tittle more than balf as great ax 
that of the summer months. (Compare Lamont, Jahresbericht der Sterzwarte eu 
‘Milnehen fir 1852, S.64—60.) The director of the Berne Observatory, Radolph 
Wolf, finds, by an enquiry extending over & much longer apace of tlie, a con- 
‘current period of the magnetic declination and of the frequency af the solar spots 
oO LE years, 

() p 142.—Koamos, Bd. iv. 8. 74, 75 (Anm.73), 77, 80, and 81 (English 
eilition, p. 80, 8b (Note 73), 85, 88, and 89). 

(%) p 149. — Sabine, in the PLIL. Trans. for 1852, Pt. 1 p. 108 and 121, 
‘Compare, besides the memoir of Rud. Wolfs, already zuferred to (present volume, 
81), of Jaly 1852, and similar conjectures published, almost at the same time, 
by Gautivr, In the Bibliotbique Universelle de Genre, t. xx. p, 189. 

0) p 143.—Koames, BA. lil. §. 401—403 (English edition, p. 2991—293 

Cp 143. —Sabine, in the Phil. Trans, for 1850, Pt. 1. p. 216, (Fareday, 
Exper, Reaarehes on Electricity, 1851, p. 56, 79, und 76; § 2891, 294%, and 
2058.) 

M1) pe 143. — Koornes, Bd. 1. S185 and 427, Atm. 13 (English edition, 
Je 168 and Note 143); Pogyend. Annalon, Bd, xy. 8, 834 and 335; Sa 
bine, Unusual Disturb, vol. i. Pt, Ly. xir—xviil, where aro given tables of 
Simultaneous tems at Toronto, Pragoe, and Hobarton. On days when the 
meagnetie storms were mot vieleot in Cansda (22nd Mareh, 10th Stay, 6th 
‘Avg., und 23th Sept, 1841), similar plomnomens showed themselves in the 
southers hemisphere. Compare also Sir Edward Belcher, én the Phil, Tats. foe 
1843, p 133, 

CM) pe 144.—Keemes, Id. 1. S219 (English edition, p. 199). 

(8) p 145. —Koumes, BU 1. 8. 185, 159, and 490, Aun, 20—29 (Rnglish 
edition, p. 171 ant Notes 190—152); Bd. fi, S$ 919-891 end 482, Anni. 
08 und O4 (English edition, p. 262 nal 283, Notes 434 apd 435); BL iv. 
5169 (English edition, p. 5262). 
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@) PB 4G. — As very different periods, ence in 1800, is soy Recodl 20S 
serv. astrom. vel i p 368, and in 1899, is a hector te Lond Minto, thee 
First Locd of the Brisish Admiralty, 2 few days after the departure of Sir James 
‘Hows on the Antarctic Expedition, I have described swore fally the Expertanit 
whieh I attach to the propamal alladed to is the test. (Compare Report of the 
Commaitten of Physics ant Meteor. of the Royal Sec. relative to the Aatarttle 
Exp 1840, p S391.) “Scirre den traces do igeateur sagedioqwr oe 
celles des Tigzes sans Géclinsiaca, c'est goaverner (diriger be ronte du vaimea) 
de manidee & ceuper les Egos sro dans Int ichervalies Sen paw petite, ex chase 
grant de rum chaqoe fois qoe Im observations d'incliosisas on de Géetinaien 
prowvent quiso a érid. Je slignore pus que d'apris de grandes woes sur les 
‘viritables foodements Tune Thiorse générale de Mogmitirme terrestres, dust) 
‘M. Ganss, Is connaissance spprofcodie ée V'iéstemsité horizontals, le chois des 
points oh les trois Ciimenta de déclinsisoa, Finelinaisen et Tintenssté totale ont 
(26 rewards viliedment, vies yoar troewer a valear de © (Gas, § 4 


4.97), et qos co sont BL los pointe riteus dos recherches fetures; emake be gocmne 
eo petites attractions locales, bos benoian ds piletage, en corrections Ruabitoelien 
da rumb et Ia sécarité des roates contiesent b donner une importance epdciale b 
1s connaissance de Is position et des mourementa de traxplation palriotiqne der 
lignes sans déclinaisom. Je plablo ied lear cause, qui eat lite atx intértee Se be 
kéographie physique.” Many years must pass away before deciEnation-charts, 
conatracted from the theory of terrestrial magnet, can be sweb en to affiel 
adequate guidance to savigation (Sabine, in the Phil. Trans. for 1849, PE IL, 
fp. 204); and the entirely objective view which I Rene advocate, if it Ink 
periodically repeated determinations by sea ant land expodisicns undertakes 
the parpom, ead made, therefore, at the sane tits, woebl aind the teehil 
advantage of iminediate practical wee, and of an exact kaowbedge of the progres 
sire secalar movement of the Lines, as will ns of ebtaining a large enpply of 
fresh data as bases of calculation for the theory of terrestrial magnetins founded 
by Gauss (Gaus, § 25). It woold be highly expedient, for the sabe of the 
‘exact determination of the movement of the lines of no inclination and mo deei- 
‘nation, to establish sutstantial and conspicucas land-mavks at the poluts wher 
these lines enter ce quit the coasts of continents for the years 1850, 2878, 1900. 

In such expeditions, similar to the apcient omen of Halley, many 
other isoclinal and leogonic Lines, besides these of no inclination and mo decline 
tion, would be crossed and thelr position Seterminel; eed the berizeatal and 
total magnetic force could also te measured (at least on shore); aid thas seers) 
objects would be attained at the ame time. 1 fad the wish whieh J lave the 
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expressed supported by # great nautical wuthority to whom U always refer with 
‘grrat pleasure, Sie Jaane Ross (Voyage io the Southorn and Antarctic Regions, 
vol. Ep 105), 

C7) 146. —Accata, Historia do les Indias, 1590, lib. i. cmp 7. T have 
‘tomehed in x previous voline ca the question whether, through the tedian of 
‘the controversy between Beod mt Beckborrow, the oginion of Duteh navigators 
Fraperting four lines of wo declination may not hare inflneoced Halley's bypo- 
‘heals ef four mazretic pales. (Kestnos, Bd. li. S483; English edition, Note 
434.) 

(%) e147. —Is 2 general point of view, especial attention s due to the 
eogoalo line of 224° W. és the {aterior of Africa: this line conrecte very diffe 
‘Tout wystens of issgouic lines and, according to Gauss's theoretically constructed 
vay, runt from the eastern part of the Indian Qocan across Aftica and the 
Ailunth: to Newfoundiand. Perhaps the honourable extension which the British 
Goverment are given, in the presest year, to the African Expedition of 
Miehanlsea, Barth, and Overweg, may leat to the solation of this magnetic 
problem, (Tho particular year in which this note was written & mot nemok, 
The reference bs probably to the employment of Dr. Vogel, which was specially 
fur mognetio determinations. — EA.) 

() B 147-—Ser James Ross creased the tee of no declination in 614° S 
Bat aml 22° 287 We loog. (Voyage lo the Sothern Seas, rob Sis p 397.) Te 
70? 49’ & lat. and 167 46' W. long, In Mareh 1843, Captain Crozier found the 
declination 1° 38', and was therefore very near the line of 10 declination, 
‘Ceropare Sabine, On the Magnetic Declination in the Atlantic Oceun for 1840, 
Jo te Phil, ras for 1849; PtH, pe 23%. 

(™) W148. — Sie James Ross, Voynge to the Southers: Sens, vole kp. 104) 
10 and 917, 

C) pe 148—Eillict, in the PRA. Teams. foe 1851, PLL p 331, PI, XII 
Bandaborvod Lalateh ts small bleed on whiet sundal-weed (in Malay and Jos 
‘vasieas, * tachendana,” Sanserit, “ tschandana;” Arable," famtel™) is odtalned 

(1) 0 149-—-Acconting to Barlow, wml according to the map entithed " Lives 
ef Maguetle Declination computed scoonling to the Theory of MM. Gauss," i 
‘the Report uf the Committee for the Antarctic Expedition, 1840, According to 
Barlow, the line of no declination coming fro Australia enters the Asintht eam 
‘tinert at the Gulf of Cxmbay and thea turns again inunediately worth-eastwant, 
‘ly Thitet, Chins, av! Formosa, to the Sen of Japan, According to Gauss, the 
Australian lise ascends simply through Bersia, iy Nishnel Norgeeed, to Lap» 
Jat. "Thia great gourneter regards the lise of so deellintice of the bear of Jipass 
sated the Philipplees, a1 weil as the clon oval group of teogombe lines he Kastortt 
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Adda, as quite rsooesected with the line of po declination of Asstralia, the Endisa 
Sea, Westers Asia, and Lapland, 

(CO) p149.—I have spoken eleewbere (Asie Centrale, t. il. p 458—461) 
of this Wlentity, founded oa sry own cbservations of the declination on the Cus- 
Plan, at Unbk on the Jaik River, and im the steppe near Lake Eitan. 

(™) p 149.—Adeif Eeman's Map of the Magnetie Declination, 1827—[820. 
Eliot's Map shows decidedly that the Anstralian line of no declinaties does net 
traverse Java, but runs paralle! to the south const of that island, at a distance of 
‘3 degree acd a half of latitade to the south of it. According to Exmas (ot 
according te Gaus), the Asitralixs Bee ef 00 declination passes between Ma- 
lacca and Boraen, threagh the Sea of Japan, to the closed oval greap ef Eastern 
Asia, entering the contisent at the north shore of Ocbotak (in lat. 594°), and 
Jet redescends throogh Malacca, 29 that the ascending and descending portiens ef 
the line are there caly eleven degrees apart; and in this representation the west 
Aalatic line of no dectination (from. the Caspian to Russias Lapland) ix an tne 
madiste continuation of the portion whick ccenes dows frem earths te sath. 

(*) p. 150.—In 1843, in my Asie Centrale (1. iii. p 469—476), I remarked, 
from decuments preserved in the archives at Moscow and at Hanower, thet Lai 
nits (who had proposed the first plan for a French expedition to Egyze) hal 
also been tho first who had sought, by availing himself of the relations extabllahel 
in Germany, in 1712, with Csar Poter the Great, to get the position of the lies 
of declination and inclination determined throughout the Rassias Bepire—e 
extent exceeding that part of the moon's surfnce which i seen from the Earth — 
and to strange that this determination should be repeated st given epocta tt 
‘a lettor written to the Czar, which Perta has discovered, Leibnite xvfers to « 
small handeplobe (terrella), still preserved at Hanover, on wihiicls I lied drera 
the curve for which the declination is 0, his “nea magnetica peimaria” Ie 
maintained that there is only one tine of no declination, dividinye Use globe Tete 
two nearly equal parts, having fear “pancta flexas eontrasti,” er ainooelien, 
ranning from Cape do Verde towards the American coast In 36% and thet 
directing itself through the Pacific towards the east of Asia and New Hellask 
Ho made this Hine pass not throngh the poles of the Earth, bat mesrwr te the 
‘South Pole, whers bre supposed the declination to be 5°, thm to the North, where 
ho supposed it to be 25°. He fusther considered the movement of Hie lerpertest 
curve to be, in the beginning of the 18th century, towanls the north ; and eat 
Geclination, from CF to 18°, to prevail over great part of the Asiatic, chroagh- 
out the Pacifie, ia Japan, and in part of China and of New Ielhunt. Ie poe 
posed that, the surgeon Donelli being dead, be should be wacceeded May anether, 
“who inight give fow medicines but many good scientific counsels for ssakitig the 
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determinations of declination and inclination.” .... Tis hitherto unteganted 
Aveument of Leltaite does not manifest any particular theoretical views. 

(Pp 160.—See my magnetio observations in “Asie Centeale;"t. fi. p. 400. 

7") fe 160-—Enmnn, Astron. und magn, Becbachtungen (Reise um die 
Bade, Abth, 11. Bd. Ui), 8. 592. 

(7) p.150.—Hansteen, in Poggend. Ann, Ba. xxi, 8 372, 

(0%) p. 152.—Subine, Magn. and Meteor. Observ. at the Cape of Geed Hope, 
WL pie 

@*) p. 152.—In Jodging of such near epochs, we must not forget, in reference 
to thie sabject, how easily, with the instruments and methods then in use, an 
error of w degree might eceur, 

*) p 159. — Kowmos, Bd. i. S430, Anm. 20 (English edition, Note 


C*) p 158.—Euler, in the Mém. de TAcad. de Berlin, 1757, p176. 
) p 159.—Berlow, in the Phil. Trams. for 1833, Pt. Hl. 672. Great 
‘wocertalnty prevails as to the older magnetic observations at St. Petersburg, la 


‘the flest half of the 18th century. ‘They would make the declination to have 
heen always 3° 15', c€'3° 36, for the whole period from 4726 to 1772t (Han 
toon, Mageetiinus dee Ende, 8, 7 and 143.) 

(°) pe 154—Kounes, Bd. iS. 198—210 (Knglish edition, pp 179—189) 5 
and Dove, in Poggeod. Ann, Bd, xix. 8. 388. 

(™) p 154 —The teritorions examinations of Lettin, Bravais, Lilliebtait, 
und Siljestriim, who observed the phonomens of auroras from September 19, 
1898, to Apeil §, 1839, nt Bowekop in Finnmarken (lat, €9° 58°), and at 
Taprig (iat. 70° 6"), have been pabiabed in Part IV, of the ™ Voyages en 
‘Scandinavia, en Lapouio, au Spiteberg, o4 aux Feroi, sur la corvette ‘la Recherche’ 
(anrores Wiedales).” ‘To these observations are added important results obtained, 
from 1897 t0 1840, by English superintendents emplayed in the copper mines 
at Kalfhind (lat. 69° 56°), p 401—499, 

™*) p 154 —Cenpare p 437—444 of the above-named work, on the sulject 
off the“ Segment obeear de TAurore boréale." 

(7) p 194. —Sehweigger's Jahrbuch der Chimie und Physik, 1826, Ba. xvi. 
S198, and Bd, xvii, $964. ‘The dark segment and the incontestable shooting 
‘wpwands of black rays or streamers, in which the Juminous process is sullitied 
(2 by interference), may recall to us Quet's “Recherches sur I'Eleotrico-chimbe 
dans le Vide," and Rubokorff’s fine experiinents in whieh, in spaces cuntalsing 
‘oly very rarefied air, red light streamed from the ponitive, aed violet from tie 
negative, metallic ball, but the intensely bright parallel strata of beams were 
regularly separated by wholly dark strata: “La lumidew nfpandue entre ter 
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‘boales terminales des deux cendnoteure Meectriques se partage ex tromben ta. 
Leruses et paratities, sdjardes par Ge couches cbecures alternantes, ef négubire 
‘emt distinctes.” (Comptes renlas de TAgad. des Sciences, t xxxy, 1852 
B98) 

™) Pp 155. — Voyages en Scandioarie (surores ber,), 7. 555. On seed 
coronas sual casopies, wee the excellent Accounts and Inyuiries ly Braray, p 
502—514. 

(™) p 155.—Sume work (dmperie colulante, flamme d'un mavire de geen 
Aipleyde oviovatabenent e¢ agltce par le veut, erochets, Ceagments Cases ot dy 
Ruirlandes), p35, 37, 45, 67, and 481, Me. Devalet, the distingulihed ais 
of the expedition, has furnished an interesting collection of drawings of te 
varloas forma, 

(*) p 155, — Compare Voy. on Sewnd, (snr, bor.), p. S23 to 525 aml 257 

(!) p 156. — Koumos, Bd. i, S20) and 44, Ameo. 44 (Engliah ition, 
Pp 182, 183, apd Note 174). Compare Femeklis, Nacrative of a Jiamey 
the Shores of the Polar Sea in 1819—1622, jp 5975 amd Kibmata, Lerch Ser 
Melovectogie, BA ili, (1896) S488—A7O The cllest conjectisrme mapecting 
a coanectiog between tbe aurora and the formation of clouds, are probably thaw 
of Frobenius, (See Aurorm Borealis Spectseula, Helmet. 1739, p. 130) 
(pe 186 — L taken single eaxainpl from my manag Joarea a wy 
Stherian Journey. “The night of the (August (1829) man past tyme 
fa the open alr, separmted fron my travelling companions, at the Conse pat 
of Krastala Larhi, tbe most eastern ove oo tbe Irtysch, amd om the: bealary 

‘Deungarel, and therefore of some importance ma regaris satronenid 
Ueterninatica of latitude and jongitole, The night was extremely clear, Siete 
thery suddenly fered, oo the casters part of the beavers, pela band 
of cirrus (‘do petite reutons dgalemnent expwcts, dsteiimds x tessa palin 
tt police Greatest altitode 35°; the northern polat of cotvergwsce tering 


f Eph aime: 
‘onl et Checaglat aanedl aiden masses to N70? Ther 
vom lungseal stuuter of aLooting atan in the oosrwe of the sight, ate eked 


thelr sainvuth, fromm N.NE, to SSW, ax Led often neem ix ulin as 
Mexico.” _ (The magnetic declination is eastery.) ~ a rp 
° B 196.—Brwvais, who, contrary to my. 
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the dirvetion of the cirrus bands at Bosekop, like the waroral arch, perpendicular 
to the magretio meridian (Voyage en Scandinarie; Pbinoedee de translation 
Gans les peda de I'Are des Asrores boréales, p. S34—$37), deveribes, with ‘his 
‘maual exactnons, the shiftings of position of the tree saroral arch, p. 27, 92, 122, 
and 487. In the southern hemisphere, Sir Jans Ross also observed slinilar pro 
gereive changes of divecticn of the aurea mustralis, changing fun W.N.W.— 
ESK tw NN.E—SSW. (Voyage in the Southers and Antarctic Regions, 
wel. Lp. BIL.) ‘The absence of colvur seems to be very frequent in the aarwrs 
sustralis (vols. p. 266; vol ik p 200) On nights without aurora in Lape 
fam, one Brnvaia, work before quoted, p. 645, 

@°) p 197. —Komon, BA, L 8 440, Ann. 43 (English eition, Note 
173}. Acrornl archos seen in daylight renind x of the strength of thes 
Hight to the woclei sol tails of the comets of 1843 amd 3847, which were 
fren In North Aimerica, at Paria, and Leadon near the sun Kesos, Ba. i. 
S090, Aum 13 (English edition, Noto 43); Ba. iii. 5, 663 (Engliad edition, 
nae). 

(7) p 157 —Comptes rendas de TAcad. des Seienoes, tiv, 1837, p. 689, 

10) P 167, — Voyages em Seandinarie, en Laponiia, Be. (atsroren bordales , 
909; unt Martine, ‘Trad. de la Mécéorol. do Kiemsta, 460, On the evp- 
pore licight of the aurora, eve Bravals, work bore quetel, p. 649 and 559, 

Cp. 158—Baine work, p 462. 

(0) 108. — Sabin, Ustsasd Maguot. Disturbances, Pt, Lp. xvlil. sxik 
Saad 4 

(P) 7p 198-—Dore, im Popgead, Ans Bd. xx. 5, 383 to 341, ‘The unequal 
elect exerelsell hy a aurora an the dectisation tivedle wt places situated la very 
different meridians, way, la many cases, brad to the Setermitation of the place of 
the weting cause, for the sutherak of the lumnicons magratio storm is by oo 
femmes always to be nought at the magnetic pribe itself; and, ax Arpelander badd 
Aefoee paid, and Brovais bas contirined, the memnit of the luininous arch seme 
three evintes mary then 11° frow the magmatic tuerhtiaa, 

7) pW. —" On the 20th December, 1806 Sky aanre bie, witheut 
trace of choad, Towards ten clcleck, there sjqearnd le the N.N.W, nrwldich- 
ellen Yuainoms arch, through which I comb distinguls, with the teleseope, 
stars of the Tih magnitole; « lyrm, Wwing linet divectly utter the highet 
point of the arch, erabled me to deterssion the azitwutls cf thet palst, Tt was 
sitwated mther to te wrt of the vertical plane of the anagontie declination. 
‘The warora, which was in the NXLW,, repelled the North pole of the mene; foe 
imatnad of progreming towards the west, ns did thy salimuth of the arch, Ut 
weturved towards the cast. The changes of inaguetic declination, which amewnt 
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mally af night ip this samth te fas 2° 37° te F, inermand during the comme 
ef the sara, progresivtly, ani without any comsidersble cocillatices, to 
Edermmen of 36 25". The Sctctim was lenet at 9 12°, whee the sores! 
‘ight wae mest interme Is the beccemtal mageatio Soren, we found during the 
saps 37°72 fer 31 ventions, and at 21° 20" — therafive lang alter the 
‘termization of the execs, which bed ended at 14° 10" —97"17 for the mane 
penter of rirations The troperatare of the rom ix which the vibrations 
the sa senile were observed wan, bs the fest instance, 3° Cent and io the 
momi, 2-4, The tensity bad thewfore diminhbed » Bttle dering the anes 
‘Thee were no cutsared rings mond the moon” (Extract feom my magretit 
jourmal) Compare Hamsters, S458 

(=) B14. Sabine, On Days of Usiseml Mags Disterkances, PLT para 
“3 Beavsis coeehst des chservations de Lapenie que Tintensité borisatile 
Goiewe product be periods be plus active da phdcomiee de Tasrure bende” 
(Blartins, R461) 

(>) F 129 Dele, “ Sar TAssociation des Miniewax dee ten Roches qui 
cot ee pouvoir marndtipee Gerd” im the Comptes renius de TAced dos Se. 
t axsi 1850, p.$06; and Annales des Mines 4° série, t. av. (1849) p. 130 

(™) p 159. ~ Beich, om Mountain and Rock Magnetian in Poggend At 
Ba bexvk. & 3K 

©) p 160—When, in 1796, I Billed the post of Saperintertent of Miner it 
the Fichtelgebinge in Franconia, ant discovered the effets of the remarkitie 
Serpentize Meant (ube Haldterg), which at seme places alftets the declniciet 
of comilee 24 feet Zxtaat, this question was rained. (Lateliigons-Bistt der ill 
gem. Jemer Litterstur-Zeitesg, Dee 1796, Na 169, S 1447, and Sink 
1797, No. 38, S. 3923326; Gren's Neors Journal der Physik, Dd. iv, 179%, 
6 196; and Ansales de Chimie, t. xxi p47.) 1 thomght I hed foend tat 
the magnetic axes of the mountain were directly inverted ix relating te these of 
the Earth; bat, according to the investigations of Bischof and Goldfiass (Besch- 
bung des Fichtelgebirges, Bd. i $196), there were indeed recognised ix 1816 
pe-ppuevebriiaefroieresitclemrr no 
posite dectivithes, but yet the animuthal direetlon of the acces differed frees that 
which Thad assigned The Hallberg consists of green sérpention rock, | 
passing into ehoride-slate and hornblende-slate. In South Amerie a 
the village of Vopsaco, in the Candillera of Panto, dykes of olay porpdayry and, 
in the ascent of Chinboruso, groups of colamnat trachyte, whieh! aiectad the 
needle at three feet distance. I was struck by finding ka the Wael and rel ei 
tinny of the Quinche, north of Quito, as well ns in the grey oBaldisa ef the Geers 
do las Navajas, of Mexico, large fragments having decided polom AM the com 
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Siderable‘magtetio mpuntaine of the Qural claln, as well as that of Blago- 
dat at Kuschwa, Wyssckaja Gora near Nishne Tagilsk, and Katechkanar et 
Widhne Torok, rise cat of and have broken throgh augitic, or rather oura- 
Ubie porphyry. In the magestlo meuntain of Blagedat, which I visited with 
Gnstave Rove ia the Siteriam Expedition of 1829, ft does not appear that the 
peneral action of the parts, which taken separately are found to have magnetic 
Poles, bas peodoced any determinate and recoguicable generat magnetis axes, 
Oppestia poles lie near ench other, irregularly intermingled. ‘The sarne had pres 
ienily been Grund by Erman (Reiso um die Ende, Bd. 1. 8, 362). On the 
Angree of strength of polar force in serpentine, basaltic, and trachytle rocks, etm 
parol to the quantity of interspersed particles of magnetic iron and oxyde of invn 
Ie these rocks, as wall as on the influence of atmospherio contact in developing 
rtarity, an faflomes spoken of earlier by Gmélin and Gibbs, see the numeroas 
ead very extionable observations of Zaddach, ia his Boobachtungen (ber dio mag 
tnatleabe Polaritit des Basaltes und der trachytisehen Gestelns, 1851, S. 66, 6 
—T8 and 95, By the cocaparison, in respect to polarity, of many basaltic trag- 
‘manta of cilemns which had long stood exposed to the atmosphere, nnd of the 
shies of cther columns for the fret time exposed to its contact, and by examining 
ther detecbnt masses, taking away in doing so the earth which covered them, 
first from their upper and then free their lower portions, Dr, Zadteeh heught 
De cout inde (5. 74 and 60) that the polar property, which always appears to 
ep mont strong with free access to the attrosphere, and in rock traversed by epen 
‘Geeures, * vpronds from the exterior tewants the interior, and weually from abore 
Gewnwands.” Grodin sail of the great inagnetio mountain, Ulu-utasse-Tes, in 
the emuntry ef the Bashkirs, near the Jaik: “The sides which are expound to the 
pen alr and daylight have the strongert magnetic force; those which are be tho 
warth are much weaker.” (Meise durch Sibirien, 1740-1743, Bd. iv. § 345.) 
My great teacher, Werzer, in his lectures on the Swedish magnetic tren, alo 
feapresend his opinion “of the in@eence of atmospheric contact (nat acting by 
‘meen of Increased oxydation) in increasing polarity wad attraction.” In the sag 
patie iron mine of Suocansung, In New Jeevey, Colvect Gibbs states that “ the mre 
alow tive the bottom of the mine has no magnetian at first, but cyeires it 
safer it has heen core time expooed to the infiuence of the atmosphere." (On 
the Conoadon of Mageetiom and Light, im Sillima’s American Joursal of 
‘Selene, vo 1. 1819, p. 69.) Soch m statement ought to cause exact experi. 
mmenta te be undertaken, Ia remarking & the text (p. 160) that it ie not omy the 
qquastity of loterspereed particles of bron ia w particulas kind of rock, Was alo thelr 
relative distribution aad arrangement, whieh affects the strength of the resntiling: 
ter farce, 1 comsldered thove particles ao many small magurts, Compare 
VOL. tv. c 





pew views as this subject exprmeed by the creat physicist Mefie! is a Memsr 
read by bien to the Royal Academy of Neples, in Janeary 1853. (Experisast 
interns al Magvetiame delle Beeche; Mex. L valle Polarith) The ot prejaiice 
which bas prevailed so extensively, particularly im the Moditerramens, that ty 
robbing s compass-cenile with oxisas, or even by ita being expuned to the exhs- 
lations of vinegar i= ccicme bare been steeped, its directive force & lew 
ned, sod confusion in steering camsed, is found mentioned in Proc Disdicli 
Prexphrasla Prolem. Hiei ir, de Silerum AGeetlonibas, 1695, p30, (Detenie, 
‘Mist. de Y Astromomie anclenne, t il p S45.) It is diffiealt to geese what ayy 
have given oceasien to this eurloas popular notiea. 

() p 162 —Keemos, BA Hl. S44 (Engin edition, p35). 

() p 162.—Koanes, Bs. i. S. 205-210 (English sition, p. 389—191) 

(™) p 163—Komos, BA Si. & 48, 431, 303, ard 508 —S10 (Bagh 
edition, p 39, 309, 360, 365—367.) 

(7) p 164—Komnes, BA L S 230 (English edition, p 200-201). 

(>) p 165. —Keenos, BA i. S233 (Eugtabs otitien, 213). Caspar 
Rertrant-Gealin, Ser les Roches bineées par le Voleas de Beas da Mote Zio 
prin da Boong de Sasseols, in Homboldt, Voyage aux Régions équimuriales 
Noavwan Cootinest (Relation Materigse), t Hl p 566. 

( p 165.—Betert Mallet, in the Transsetions of the Royal Irid Acsber, 
vol. xxi. (1848) p 51113; the sume, Fisst Report os the Facts of Bath 
quake Phenomena, in the Report of the Meeting of the Beivink Asmciatios for 
the Advancement of Science, held i= 1850, p 1=80 ; the maine, ta the Mew’ 
cf Scientific Ingeizy for the Use of the Beitish Navy, 1849, p I9e—229) 
William Hopkins, "Os the Geological Theeries of Elevation and Earthquakes” 
the Repoct of the Brit. Aswe. for 1847, p. 33—92, Ihave availed mynifle 
weveral particulars of the strict eriticiam to which Mr. Mallet bas sahenttted oy 
carkor werks is his very valuable memeies (Irish Trant. p99—2O1, acal Bape 
of Meeting of the Brit. Assoc. held at Edinburgh, p. 200). 

() p 165. —Thoesas Young, Lecteres ex Natural Philosophy, 2807; wh ( 
pT. 

(*) p 166-—I fallow the statistical statersest communicated to me ts PAG? 
by the Corregidor ef Tacunga. It carried the lows to the mmbee of frye 30,000 
10 96,000, bat seme twenty years later the member of those dirwethy Riliel we 
‘tated at a third lest. 

(™) p 167 —Konnos, Ba. i. 8 291 (English edition, 201}. 

() p. 169.—On this snbject, and opposed to the supposition of meltes “sl 
Jacent fis, confined in isternal lakes,” ree Hopkins, Meeting of the Brit. Amen 
in TS47, p. ST; and on“ the subterranteas lava tial wave toring’ the slid 
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eruat above ity” see Mallet, Meeting of Brit, Assoc, 1850, p. 20. Poisson also, 
with whem 1 more than cace conversed on the hypothesis of eubterranesn tides 
canted by the soon and sun, regarded the impulse, which be did not deny, as 
Hocenadlorble, “as in the open wea the effect hardly amounts to 15 inchen” On 
the other baud, Amptre said, “ Ceax qui admettent la liquidité da seysn intés 
leur de Me terre parnisent ne pas avoir songé axsex A Vnction qu'exercernit ta 
June mir cette doorme trasse liquide, action d'oh résulteraiont des marées ans- 
‘Joqnes b calles do nos iners, ruais bion avtrement terriblos, tant par leur étendae 
que pat Is deraicé do ligule. 11 eat didicile de coneovsir, comment Venvedoppe 
ide be terre pourrait résistor, dtaut incensaroment battue par une expice de bélier 
Ipdrwuligne (2) de 1400 lieves de longueur." (Ampire, Théorie de ta Terre 
jo the Reno des deux Mocdes, juillet, 1899, p. 148) If the interior of the 
‘Earth is aid, as in general wo cannot doubt is the case, the particles still rev 
imalnieg xm0wable, actwithstanding the enormous preesire, then there will be ix 
tive lntesice the mune conditives which, on the surface, produce the tides of the 
oman, and the tide-caming foece will becerne weaker in appronching the centre, 
as the iliflereace of distance, from every two opposite prints, regarded relatively 
to the attracting heavenly baties, will becotne lesa the greater the depth bebe 
‘the surface —and the force depends solely on the difference of the distances. If 
‘the solid crust opposes resistance, the interior will at these places only exért a 
prmswe against the ernst, but (as my astrenemical friend, Dr, Beunnow, expresies 
Ht) there will be no more tide than there would be if the ocean had an icy covering: 
whieh could got be burst oper. The thickness of this solid wnmolten crust has 
ems calculated from the melcing point of different kinds of rock, and fren the 
erence of heat from the surface of the Earth downwards. 1 hare already 
_ Kearom, Ba, S27 aod 48; English edition, p. 27 ant Note 13) addnowt 
reasons in wapport ef the conjecture that at about 20} geogmphical miles 
alow the surface the beat would attain the melting pelut of granite. Elle te 
Besmment (Geology, edited by Vogt, 1546, vol. L p. 32) had made the very 
sluillar extheate of 45,000 metres for the thickness of the solid crust. The In» 
ipenleas experiments of Bischof on the melting of different minerals, so important 
te the progrem of geology, would also lead to the assignment of a thickness of 
between 115,000 and 128,000 French fect, er a mean of about 21) geographical 
miler, fer (he thickness of the unmnolten strata. Sco Bischof, Wirmnelehre det 
Jonern umiers ExiWirpers, 5 286 and 271, 1 am therefore the more surprised 
to find that, mauming « definite Kimit between the sethd and the molten materials 
(etm gradual trameltinn), Mr, Hopkins derives fren the peinelptes of hls Speeu- 
ative Geology” the reset, that “the thickness of the soft well cuntot be Jess 
than abowt coe fimrth er ene Sth (F) of the radios of its external wurface” 
ea 





hit 

Meeting of the Brit, Assoc. held wt Oxford in 1847, p51.) Coniler’a earinst 
‘exsumption had otly been 56 geographical miles, without correction for the ix 
‘ereasing pressure of the strata with increasing depth, and for the hypomnetric 
form of the surface. ‘The thickness of the solid portion of the Earth's crust i 
probably very unequal, 

©) p. 170 —Gay-Luasec, Béflesions sar len Volcans, in fon Aamabede 
Chimie ot de Physique, & xxii. 1823, p, 418 and 426. Gay-Lnene, wha 
together with Leopold yun Buch and. myself, had observed the great eruption of 
Vesuvins ia Sept, 1805, lias the merit of having subjected the chemical hype 
thesis to x strict critical examination. Ho sought the cause of woleamio phene 
mena in an“ affinité trisdnergique et nom encore satiafaite entre des aabstances, 
‘laquelle un contact fortnit leur permettait dobéir.” His eritichen was on the 
whole favourable to the hypothesis of Davy and Ampire, “en exppoumnt que let 
radicanx de ts ailice, de Talomine, de ta chaos, et do for sclent rnis am hier 
Gans Tintérionr do Ia terre" he also deemed it not improbable that, uniier certale 
conditions, sea-water may penetrate (p.419, 420,423, nd 426). On the da 
culties of a thoory which rosts on the penetration of mater, compare Efypikies, le 
the Mccting of the British Association, 1847, p. 38, 

(@) p. 170. — Hyurochloric acid is entirely wanting in the vapeurs exelttel 
by the South-American voleanoes (according to the fine analyses of Roussingnalt 
at five craters, viz. thone of Tolima, Purace, Pasta, Tuqueras, and Combe), tat 
not in the Italian ones, (Annales de Chimie, t, 23. 1833, pe and 23,) — 

@") Pp 170. — Kosmos, Bd. L S247 (English edition, 226) Dany 
‘while most distinctly giving up the opinion that yeleanic eruptloes are = conse 
quence of the contact of the metallic basoa with air and water, yet stated hiv 
bolie€ that the existence of cxydisable.metalloids im the interior of the Basth 
might act as & concurrent cause in voloanie processes which Ihad aleeady began: 

) p170, —" Fattriboe,” said Boussinganlt, “Ia ylupart des trembles 
ments de terre dans Is Cordillice des Andes & des Cboulomenta qui cnt Hew Gam 
Natérienr de ces montagnes par I'entassement qui sopere et qui ext mune cone 
quence de lour soulivement. Le massif qui constitoe ces cima 
‘nia pas été souleyé A I'état plteux; Je sonlévement n'a eu Hie qu'apris Be setidle 
fication des roches, J'admets par conséquent que le relief des Andes se comport 
de fragments do toutes dimensions, entasas Jes uns sur les antres, La conteli~ 
dation des fragments n'a pu étro tellement stable dis le principe quit n'y alt dex 
tassements apris le soulbrement, qui n'y ait des mouvernents lintériears dana les 
masses fragmontaires,” (Boussingault, Surles Tremblements de Terre dex Ania, 
in the Annales de Chimio et de Phyxique, t Ivil. 1635, p. S486.) Tn the 
description of Lis memorable ascent of the Chimberszo (Ascension au Chimborasy 
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Ye 16 Ade, 1831, above-qaoted work, p. 176), lie aye agnins —“ Comme le 
‘Coeepaxi, 'Antisana, le Tunguragua et en général les voloans qui hérissent les 
‘Platewax des Andes, be masse du Chimborazo est furmée par l'aceumulation de 
Storia trachytiqaes, amoncelés sans ancun ordre. Cos fragments, d'un volume 
searent doorme, ont 416 soulerés A l'état solide par des Maides élastiques qui 20 
seat fait Jour mur les points de molndre résistance; leurs angles wont toujours 
tranchants.” The cause of earthquakes here indicated is that which Hopkins, in 
Mis Analytical Theory of Volcanic Phenomena,” terms “a shock produced by 
the falling cf the roof of « subterranean cavity.” (Meoting of the Britiah Assoc, 
nt Oxhood, 1847, p. 82.) 

(™) p. ITE. — Mallet, Dynamics of Earthquakes, p. 74—82, All that we 
know of the waves ef shocks and vibrations in solid bodies, shows how untenable 
sure the chler thecries of the propagation of the motion being facilitated by a 
wocceesion of cavities Cuvities ean only net in respect to earthquakes in es 
indirect or secondary manner, in affording spaces for the accumulation of vapour 
anid condensed gies. Gay-Lusens says finely: —“ La terre, vieille do tant de 
dbcles, conserve encore ane force intestine, qui Clive des montagnes (dans Ie 
ervlite exylde), renverse des cités et agite la masse entitra La plopart det 
‘mvoatagnes, en scetant da seln do la terre, ont dil y laissor de vantes eavités qui 
feont restos vides, b mins quiellee m'aient <té remplies par Tewn (et Ses Muldes 
gusees). C'est bien h tort quo Delue ot beaucoup de géclogues se servent de 
‘ces rider, Guile imagizent te prolonger on longues galeries, poar prupager au lela 
los trerablemients do torre, Ces phéncentoos al grands ot ai territles sont do trte- 
fortes codes senores, excitées dans la masse solide do ta terre par eas cecumotion 
qqudoomjue, qui s’y yeupage avec la mifcre viteone que be sen e'y propageralt. Le 
smwmavernest d'une voiture aur le pard brane bes plus wastes Glifices, ot ## corn 
caunbyue A travees des masses considécablea, commne dase les carritees profeotes 
wadewous de Paris” (Aun. de Chins. et de Phys. t asii, 1893, p 428.) 

(0%) 171. — On Interferencesphencmens in easthyaake wares, sualogons 
‘to Waves of sonnd, see Kearns, Dd. ik 8211; Exgliah edition, p 191—192, ant 
Kieinere Seberitten, Bd. L 8379. 

(*) pp 374.—Mallet, On Vorticose Shocks and Casts of Twisting, Meeting of 
Urits Assos, 1850, pp $3 and 49; and in the Admiralty Matrual, 1849, p 213, 
Compare Kosmos, Bd. i, S, 212 (English editice, p 192.) 

C*) po lT1. — The Moya ceoes were tees ty Boustingault nineteos years 
after Thad seen them, “Dew draytions beorases, suites du tromblenent de 
teere, comme tes Gruptions de la Moya de Pelileo qui ont ensovell des villages 
vations” (Aan. de Chisbe et de Phys. t. viii, p. 81.) 

@*). p 173-—On the remeral of alldings and plantations in the eartbyaske 

c3 3 
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of Culabela, see Lyell, Principles of Geology, veh i py 484—491, Os escape 
‘with life in Basures in the great exrthyuake of Riotamba, see try Belathon (Mit 
Ail, pe 642, As a remarkable instance of the eloaiog of m fines, {8s rete! 
luy Scacchi that, in the earthquake which took place in the summer of 1851 ia 
the Neapolitan province Basilionta, wt Barile neat Delf, & then was fount’ cangt 
ly her two feet in the pavertast of the street. 

(CM) pp 174. — Ketrmot, Bd. iS. 212 (Bngiih edition, pe 192). “ Baplinn 
has shown theoretically, with great jastness, how fisrsree produced! i carte 
quakes may prove exteedingly instractive ia reference to the foretatien of dyhn 
and the phenomena of faults, inasmuch ax the later Sorrel displacks the ober 
formation, Long, however, before the valuable batonra of Slips, Werner, la ie 
‘Theory of Veins (1701), had shows the rvlatinas of precedence ‘in age betwen 
the displacing traversing dyke and that whieh ls displaced and traversed ome 
pare Report of Brit. Asios. Meeting at Oxfoed, 1847, p. @2. 

C*) p. 175. —On the sinaltancots agitation of the tertiary enlenreous nets 
at Camaze and Maniquares since the great earthquake of Camana, 14th De 
cember, 1796, compare Humboldt, Walation hist. 1 fp. 3145 Kontman, 1 


8. 290 (Bogliah edition, p. 200), ated Mallet, Meeting ef the Beit, Aamoty 182) 
p28. 


@*) p17 see Schagdagh, sod Ghilan, is Popgenboet’y 
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Axores, 1 75 120° de longitude, C'est vraisemblablemnent la bande de réections 
woloanigeea Ja plus Jongue et 1a plas régulitee, oveillant faiblement entee 36° et 
AGP die latitode, qui existe sur la terre ; elle surpasse de benucoup en étendue la 
bade voloaniget de la Condillire des Andes dans I'Amérique méridlonale. J'in- 
‘dete d'eutant plus sur ce singulier olignement d'axttes, de souldvernents, de cro 
waters, ot de propagations de commotions, qui comprend un tiers de la circonfé- 
renee d'un porallile A i'éguateur, que de petite accidents de la surface, linégale 
Iramtous ot te larger des rides oo soulvements Undaires, comme T'interruption 
‘camide pac Jes bassins des mero (concavité Aralo-Casplenoe, Méditerrance et At- 
Mentique) teadent A masyuer les grands traits de Ia constitution géologique du 
lobe. (Cet aperyn Basardé d'une lige de commotion régulidrement prolorgse 
‘Wexelot wocunement d'nutres Lignes selon lesquelles lee mouvements peavent we 
Propager dgalement.)“ (Asie Centrale, t. IL pp. 108.120.) As the town of Khotan 
wu the country south of the Thian schan were the most celebrated and mest an- 
cent weatscl Budibisn, Boddbistic literature occupied iteelf early and much with 
the exmses of earthquakes, (See Foe-koue-ki, eo Relation des Royauines Loud 
dhiqnes, trad. par Abel Rémusat, p. 217.) The adherents of Sakhyamuni aeaign 
ight such causes, among which tho tuming of m steed wheel hung round with 
relles (Masia) plays a yeincipal party a inechanical explanstion, scareely mace 
ntouund than seine geodngionl aid uiagnetioal myths which were very late in be 
outaling cbsolete auncog cumelves, Acconding to a note of Kiaproth’s, mendieaut 
wmwaks (Bhikchous) are imagined te hare the power of umbing the earth trenible 
wl eating the eabterrasean wheel in motion, The travels of Fabian, the 
wuthor of the Foe-kowe-ti beloug to the beginning of the Gth ontery, 

C7) p. 177, — Acoma, Viajes chontifices & lee Antes ecusrerales, 1849) 
ne 

(%) 17% —Kosmm, BS, i, 6 214—217 and 444 (Ruglish olition, pp 104 
197m 426), Humbohis, Reh hist. iv, chap. 14, yp. 31-38, Ingenleas 
theoretioa! Cocniileratives en Waves of Soand Usroagh the Earth, and Wares of 
‘Sunel,through the Air, by Mallet, will te fomnd be the Report of the Meeiing of 
the Heit, Ameo. in 1850, pp 4t—46, and i the Admiralay Mageal, 1849, 
yp B0Land 217. In the tropics the animals which, acconding to niy experience, 
ary easter than human beings disquieted by the slightest earthquake morenents, 
ure — poultry, swine, dogs, asses, and crocodiles (caysanes), which latter su~ 
deaby Jenne the bottom of the rivers. 

(0) po 179 —Jlaue Sehinids, ia NOggerath, on the Earthquake of the 20th of 
July 1840, 8 28—97, With the rate af velocity of the Lisbon earthqake a am 
signed in the text, the equatorial circum ferwnice of the earth woul! have been gone 
oud in abyut 45 bour, Michell (Phil, Trans, vel. lh yl. fi, ps 572) found, 

ef 





Wi ‘NOTES. 


for the earthquake of the 1st of November 1755, caly a rate of $0 Eagtib mis 
‘a minute (4 ¢ oaly 4170, instead of 7464, Paris fect ins second). ‘There my 
‘bo here partly incorreetoess in the older observations, partly diversity of peopegy- 
tivo route. —A pasmage of Prockes in the Commentary to Plates Cratyhs, 
throws a remarkable light on the conoection of the sen-god Neptune with exh 
quakes albeded to in the text in the enwe page, “+ The middle one of the the 
os, Pesebtus, is the case of motion to all, even to thoge things which are laut 
wearable, As the originator of mation be is called "Exrectyasos; and is exstieg 
dots for the Croalan Empire, the middle Jot with the moving sea £e5l to Me 
share." (Ceeuner, Syinbolik und Mythologie, 1842, Th. 1. § 260) As de 
Allantls of Soloa, apd, #4 1 suppore, the kindred story of Lyctonla, are ™ geclegiol 
‘ytts,” so both these sapposed fragmentary earthquake-divided lanla were m 
garded as under the dominion of Neptune, and as such epposed to the™ Satur 
continent." According to Herodotus (lib, fi ¢. 4 and 50), Nepterne was aLylisr 
divinity and wakeown In Egypt. On theoe relations, ca the dissppenrcy of tht 
Lytian Lake Triton by the effects of an earthguake, amd the belief of the grt 
arity of earthgaakes in the valley of the Nile, oomnpare my Examen exitiqer dt 
ta Geographie, t.& pp 171 and 179, 

(™) p 182.—The explosions of the Sangsi, or Veleam de faces, snomeled 
each ober on an average erery 18-4 seconds; Wisse, Exploration du Vole 
‘Sangal, in the Comptes remius de I' Acad. des Sciences, t. xcxxvi 2853, sp 7. 
‘As an example of earthquake phesomens limited to very sunall apace, I miei 
sls have adduced the account given by Comt Landerel of tbe Lagesl* bs 
Toseany, The vopours, which centain borax er bermsale weil, annewnce thet 
presence and their being about to burst forth through fissures, by: the agiisthe 

the surrounding rocks, (Landerel, Sur les EtaMiseemens industriets de le 
production d'acide boracique en Toscana, 1852, p. I.) 
™) p 183-—T am glad to be able to cite aa Iepertant alien Sa agp 


trembloment de terre, qui, en apparence da smokam, wet lid & soccer 
volcanique, no propage & des distances Lecruyabies, Dans ot oan eo 4 

wk que les secouses suivaient de préfiremce la direction des chatnes te 

et se sont principalement rementies dacs Jes termaine alplas bs 

_Fefquence des moureivens duns ¥ eal des Andes, et Yo pes de extucldesee 4 
‘Too remanque entre ces mouvemens et lee éraptions ‘Yoleaniques, delrent,néfees- 


ia tt de Phhpique,t Ill 1855, p83.) 





-NOTES, Ivit 


(Pp 184,—‘The following was the onder of succession of these great natural 
events 

27 Sept, 1796.— Eruption of the woleano of the Island of Guadalupe 
after many years of repose, 

‘Nov. 1796.—Thie voleano on the olerated plateau of Paato, between the 
small rivers of Guaytara and Jaanambu, became active, and began permas 
ently to emit smoke, 

14 Doe, 1796. —Rarthquake and destruction of the town of Cumata, 

4 Feb, 1797,— Earthquake nnd destruction of Ricbainba. On the same 
morning, at a distance of nearly 200 geographical miles from Riobasba, 
‘the smoke from the voloans of Tasto soddenly disappeared, without eny 
‘@urthquake books being felt in its vicinity. 


90 Just. 1811.— First apposrance of the Island of Sabrina in the group 
of the Azeees, pear the Island San Miguel. ‘The élevation of the Island 
preceded the fiery ecnpticn, a in the case of that of the Tsland of Santeria 
and tbe veleano of Jorulla, After six dayw’ eruption of scorin, the island 


rose to m height of 300 feet above the surface of tho sea. It was the shind 
eppeurance and dimppearance (by subsidence) of the island, after Lateryals 
‘ef ninaty-coe and ninety-two years; always nearly at the samo spet, 

May 1811 to Apeil 1812, — Abore 200 earthquake shocks at the land 
of St. Vincent. 

December 1811,—-A countless number of carthgeake shocks in the 
valleys of the Obio, Mississippi, and Arkansas rirecs, wotil 1813, Necth 


of Cleciana'i, between New Madrid, Litth Prairie, and La Sallee, the «> 


earth trembled almost every hour during several months, 
December 1811—A single shock at Caracas, 
26th March 1612—Earthquake and destruction of the town of Carwoas, 
‘The ngitathon extended bryond Santa Marts, to the towa of Hends, aud the 
elevated platean of Bogota, 640 geogrnphical miles fron Caracan, ‘The 
movement lasted until the middle of the year 1513, 
30th April 1812. — Eruption of the volsane of St, Vincent; and at the 
jeaton tee, at two in the morning of the same day, 0 tremendous subtertte 
onan polse, like the Jradest carmosade, was beard, io egual intensity, om the 
seraate of Carnear, ia the Llanos ¢€ Calsboos, and the Rie Apare, witheut 
being sccempaniod by any carthqaake (eve p 177 intext), ‘The subters 
rates noise was aloo heard in the island of St, Vincents bet, which la 
‘Very remarkable, stronger at some distance on the sea. 
™*) p 186. —Hamboldt, Voyage aux Régioos Bquinosiales, tik p. 976. 
«6 





lviit NOTES, 


(M) p. 186—Is order to compare, in the tropics, the temperstene of apettcs 
st the pointe where they issve directly from: terrestrial strata, with the tenje- 
rature of large rivecs flowing in epen channels, I collect bere the following 
numbers freea sy jourealss — 

Bio Apare, bat. 77, temp, 61°. 

Orinoco, between 4° and 6° lat, temp, S1°S—85°S, 

Springs breaking forth froes granite, im the forest meme the cataract 
<f Maypares, temp, $2°, 

Casaiquiare, the arm of the Upper Orinseo, which forms the connects 
with the Amazons, temp. only 758, 

Bio Negro, above Swa Carlos, scarcely 1° 59° neeth of the equator, ecly 
78, 

Bio Atabaps, 791. 

‘Orineco near the entrance o€ the Atabapo, lat. 3° 50, 82%, 

Rio Grande de In Magdalena, lat. 5° 12° to 9° 50", temp. 79°. 

Amazons, S. lat. 5° 31’, opposite to the Penge of Reatemna (ia the D> 
inria Jmen de Brscamcece), little moce thas 1900 feet aborp the sem, cely 
75. 

‘Thos it appears that the great mass of water in the Orinooe appeonches thr 
mean atuncepherie temperature of the rogion around, When great inumdatioos 
overflowing the savannabe, take place, the yellow-brown waters, smelling «f 
wwlpbnretted hydrogen, become heated up to 92°8; T found meh a tempeentanr 
in the Lagartero, filled with crocodiles, east of Guayaquil. The earth beommes 
ented, mt in shallow rivers, by the eet of the sun's rays, For the muty 
reasons (coustantly clouded akies, sbundant rains, evaporatice frems thick Soret) 
‘nd absence of hot tracts of eand on the banks) of the lower temperature of the 
 coffee-brown waters” of the Itio Negro nd the “ white waters™ of the Cash 
quiare, exe my Relat. hist. t. Ul. pp. 463 and $09. Inthe Bile Guaneahanba Uf 
Chamaya, which falls into the Amaxocs near the Pengo de Rentems, J bare eres 
found the temperature only 67° 6; ita waters coming down with eaormors mplt- 
ity, out of the high lake of Simigseba, free the Cordiliers. Dreting sy fify- 
two days’ voyage up the Magdslera, from Mabstes to Honda, 1 secogubel 
clearly, by means of repeated observations, that « rise of the level of tbe river 
could be foretold, scene hoprs previously, from the lowering off the tenperatiot 
The cooling of the water tock place sooner as the source of the snpply of Oe 
cold mountain-waters from the Paramos was approached. Warmth and water 
‘more, 60 to speak, ia opposite directions, and with very unequal velocity. Wher 
the waters rose suddenly at Badillas, the tesperatere had qreviously sunk free 
80°6 to T4°S, As passengers, sleeping at night, with their baggage, oa ake 





NOTES. lix 


sandy island ce on the abore, may be endangered by the rapid rising of the river, 
‘euse (enportaace attaches to un indication which may afford a warnleg. [The 
author theo remarks that, throughout his work of the Kosmos, be always uses 
the Centigrade scale where the contrary is not expressly stated. In this trans~ 
athen, beth ja the present and preceding volumes, the temperatures (where 
othing ls expressly stated to the contrary) have always bem converted frven the 
Centigrade toto Fabreabeit's scale.) 

() p 186. — Veo Buch, Physicalische Beschreibung der Canasiachen 
Jowelo, & 8; Poggeedorfi's Annaten, Ba, xii. 8 400; Bibliothique Britasstique, 
‘Beleoces ot Arta, t. xix. 1802, p 263; Wablenberg, De Voget. et Cliva tn Hel 
‘vetla Septentricnali cdserratis, p. Ixxvill. and toxiv.; the mame, Hora Carpa- 
then, p xelv.; and in Gilbert's Anualen, Bd. xii. 8, 115; Humbeldt fe the 
Min, de In Soe, d’Arceell, ti 1817, p. 599. 

(™) p 187. — De Gaspasin in the Bibliodbhgae Univ, Schences et Arta, 
toxxavill, 1825, pp. 54,113, and 264; Dém, de Is Soo. Centrale d'Agriculture, 
1826, p 178; Scheuw, Tableau dis Clinat et de la Végdsation de I'ltalie, vol. i. 
1439, pp. 199195; Thurmanm sur la Temopérsture des Sources de la Chained 
Jura, comparte i cele des Sources de la Plaise Suisse, dee Alpm, at dea Voages, 
iu the Axmuaire Sétéorcingique de la France pour 1850, pp. 258—268 De 
Ganparin divides Earoje, be respect to the frequeeey of summer and satumn 
rales, lato two ceutrasted regions. A rich collection of materials is comtalned in 
Kilmita’s Lelrbuch der Meteorologie, Bd, L 8. 448—906. According to Dyre 
(le Yoggend, Aum, Ba. xxxv. S976), in Tealy, “ot places having w chela of 
ttrutrtalns to the Nocth, the maxina of the monthly quantities of rads fall in 
March apd Novewher; and where the mcantalus are te the Soul, in April sad 
October.” "Thee totality of Ube rvlations in reapact of rain in the temperate some, 
xs far ma they can be comprised in one geueral view, may be etated thuss * The 
winter raiuy seascut, wt the borders of the tropics, divides, as we recede (rout 
them, more aul inare into two maxima connected by slighter falls of rain; lo 
Germany, these two have becsue reunited inn wumumer maaimutn, and theer 
remus wa trace of a dry or radabeas season" Compare the section * Geether- 
wil be the excelent “ Lebrbueh dee Geognodie" of Naumann, Bd, b (1800) 
bal—73, 

(™) p 187 —Compare porsent veluine, p. 45 (English edition, p 45). 

™) p 189, — Compare Kounes, Bd S. 189 and 427, Aan, @ (Kogliah 
ollitdon, p. 165 amt Note 139); and proveat volume, p 40 apd Note 41 (Englinh 
dition, p. 41 aad Note 41), 

C*) p 190,—Preseut volume, p. ST (English olition, p 87). 
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(@) p. 190, — Mina > Geadalupe, ene of tho ‘Sinus de Chita; pent 
‘volume, p. 41 and 42, 

(™) p. 190, — Hambolit, Ansicbten dee Natur, Ba. S023, 

@*) p19. — Mine on the Fleass, in the Moll-Thal.y see ermine 
Adolph Schlagintweit, Unterssed liber die physikalische Gengraphie dee Aljes 
1850, § 242—273, 

() p 192.— Tho same, is their work on Monte Rosa, 1859, Cae 
& 212—225, 

taal 94.—Humboldt, Kleiner Schriften, BA i, 5. 199 and 147, 

(@*) p. 194.—The same, & 140 acd 203, 

(*) 1p 197-—I here depart from the opinian of w great free, and « phi 
cist of great merit, in respect to the tecrestrial distribution of heat Se, eo the 
cause of the hot springs of Leuck and Warmbrann, Bischof, “ Lebrboch der the 
miseben und physikalisehen Geologie,” Bd, ES. 127—133. 

(™) p 197-—See, on the subject of this passage discovernd by Dress de le 
Malle, Kosmes, Bd. {. § 231—282 and 448, Are. 79 (Enplils editicn, p 211, 
and Note209). /* Est autem," ssid St. Patrielus, # et supen firmamentam cal, 
ot suber terram, ipnis atque aqua; et qax supen terram ext aqua, coped br 
tunum, appellationem marintm ; quay veo infra, abysserum suscepit ; ex gelles 
ad generis humani usus in terran velut siphotes quidaim eanlttuntur ot seats 
riunt, Ex jisdom quoque et thermun existent queram quar ab Sene ubsust he- 
gias, provida boni Del erga nos mente, frigiiiones ¢ quie vere prope tar named, 
ferventes flaunt. Tn quibusdin etiam locié ot tepide aguas reperiantar, pore 
majore ab igne intervallo sunt disjunct." ‘The words are thus in the calléctien, 
“ Acta Primoram Martyrum, Opera et Stotio Theodoricl Rutnart,* el. 3, Aste 
Indami, 1713, fol. p 556. According to mnother account (A. S Massie 
‘Vetus Marnorcum Sanctz Nespolitarae Eeclesio Kalendlariam Ccemettariet, 
vol. Ii, Neap. 1744, dte, p 385), Patrielus spoke to the following effect : "Ser 
qua longius ab igne subterranes absunt, Dei optim! peovidentia, tightens 
trumpunt. At quie proplores igni sunt, ab eo fervefuctm, intoleralitie cil 
poedite promuntar foras. Sunt et alleubi tepidie, quippe site perum sel bite 

co igne remota. Atqui ille infornus ignis impiarum est ssfsnsees 

on sccus ac subterrancns ftigidissimas gengen, Ia glaciel pleat 
qui Tartaras nuncupatur.” ‘The Arabic natne hameninn elf sy- 
baths,” and is taken, as Temple has befare remarked, from the ahspe 
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(Desfontaines). Compare Gumprecht, die Mineralquelien auf deen Festlande veo 
Africa (1851), 8 140—144. 

(™) p 198—Humboldt, ssal Politique sur la Nowy, Espagne, Stee od. t. 
il, (1827) p 190, 

(™) p199-—Redat. hist, da Voyage aux Régions Equinoxiales, t ji. p98. 
Kenmos, Ba, 4, §, 290 (English edition, p. 208). The hot eprings of Carlabad 
also owe thelr origia to granite (Von Buch in Poggend. Anu, Bd, xii, 8 416); 
2 do the hot springs of Momay in Thibet, visited by Jouwph Hfcoker, which break 
forth 16,000 feet above the sea, with a temperature of 124°, near Changokhang 
(Himalayan Journals, vol. ii, p 133), 

C™) p199.—Boussingault, Considdeations sur ler Eaux theemales des Core 
llibres, in the Annales de Chimie et de Physique, ¢, lii, 1893, pp 188—190, 

©") p 200 —Captain Newbold, ‘On tho Temperature of the Wells an Stivers 
fo Kodin awd Kgypt” (PbiL Trane. 1846, pt ip 127). 

() p. 201,—Sartorius ton Waltershausen, Physivch-geographiache Skisre 
yon Inland, mit bevenderee Riickaicht auf volkanische Erecheiaungen, 1847, 3. 
128132, (Physico-Geographic Sketch of Iceland, with expecial regard. to 
Voleanic Pheosmens.) Bunsen wed Descloitewex, in the Comptes rendus des 
SMances da SAcad. dee Scienees, t 1846, p 095; Bunsen, in the Armon- 
den der Chermia und Pharmacie, Ba, 847, 5. 27—45, Lettin and Robert 
hud already ascertained that the temperature of the colamn of water in the 
Geypir diminishes from beluw upwards, Among tho 40 silex-containing springs, 
which are situated near the great Geysir and the Strokr, one bears the name of 
© the Little Geysir." Its column of water rises only from 20 to 90 feet. Ao- 
‘eonling to an account of Esoma de Kiirés, there is a small Geysir, sending forth 
‘a coluinn of water about twelve feet high, in the high lands of Thibet, near the 
Alpine lake Mapbam, 

(>) p 201.—There are of Szed constituents, ia 1000 parta in the speings of 
Gastein Trowmnsdort oaly 0000; in the Liwig, at Pfeffers, 0291; and in the 
Langehamp, at Lexenil, 0236+ while, on the other hand, in every 1000 party 
of the cocmnen spring water at Decne, there hare been found 0-478 ¢ ia the 
Carlsbad Sprodel, 5459; and in the Wiesbaden water eves 7-454. Studer, 
© Physikal, Geogr, und Grobogin,” 2nd edition, 1847, Cap. i. 5, 92, 

@) p 202,—" Les eaux chaudes qui sorardent da grawite de la cordilliee di 
Jittoral, (de Veoezutla) scat preagwe ures ; elles Be renferseat quivae petite 
gquantité de atice en dianelation, et du gut acide bydro-sulfarique silld d'un pea 
br gun wavte, Leur cormposition ost identique avee calle qui réaulternit de Tae 
tion de Heau sur Je sulfure de siliciwm.” (Annales de Chimie st de Phys 
Ui 1839, p 189.) On the large quastity of azote in the bot apeing of Orvese 
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snelonte sald that the extreme coblnens of the waters of the Styx burst every kind 
‘of vensal, except the hoof of an ass. Legends respecting the Sty are doubtless 
f primeval nmtiquity, bot the story of the poisanoes qualities of ite warce appears 
to have first lecome geveral in the time of Aristotle. Acconling to the testimony 
ef Antiguans of Corystas (Hist. Mies, § 174), it was ootained, very cireame 
Mantlally, te « lot book of Theophrastus, The calumnious fable of the polsca. 
ng of Alesander by Stys-water, which Aristotle had eased to come into tht 
hands of Casander, through Antipater, is refated by Pletarch and Arrian ; it 
was ceculated by Vitruvins, Justin, and Quintus Curting, but withent taming 
Ariatotie, (Stuhr, Aristotelin, Th. 1. 1830, 8, 187—140.) Pliny (xxx. 99) 
mays somewhat equirceally “ Magna Aristotelis infamia excogitatum.* Compare 
Ernst Cortios, Peboponnerns, 1851, Bai. 8 194—106 and 212; S Croix, 
Examen crit, des acclens Hinteriens d'Alezandre, p. 496. A drawing of the Fall 
ef Wye Btya, tnken from n distance, is gives iu Fiedler’s Reise durch Griecbet- 
Wand, Th. i, 8, 400, 

PY 205, — “Des gttos métallifires trbe-importants, low plas: xeubreex 
prat-dize, parsinsest s'ttro formés par volo de dimeluthoe, et bes Ghons eonerd> 
thenods wftre wutre choot que Wimmenses canax, plus on moins obstrede, par 
coeras sutrefois por deo ewax Unermales incrustantes. La formation d'un grand 
pembrs de mindewes qu'en rraccntze dans cos gites, ne euppoce Fas toujeure dea 
comitions on des agers trhe-dloigeds des cumwes actwellee, Les deax Admens 
Principaux dew sources thermantes lew pitas ripandone, ee wolftures et bee ext boeaten 
abalisn, ‘ont aufl pur repreduire artificletiement, par des moyens de synthies 
trta-simples, tingt-oeu! epices milnérales dlstinctes, presque towtes eristalliotes, 
apyertenast aux métaux natife (argent, cnivre et armenic natifs); an quarts, a 
for oliginte, au fer, aickel, sine et mnangantee carbonatée; am sulfate de baryte, h 
ta pyrite, talschite, pyrite cairrrwse: wu cuivre snlfuré, h Tangent rouge, serve 
wieal et autiwocial, . . . . On ae rapproche Ia plus yoasible dee procédé 
Oe a nature, 9i Ton arrive b reprodaire kes mninéranx dans leurs conditions d'ss~ 
sociation posible, we mozea des agens chimiques naturels bes plas répeodus, et 
‘ep innitaunt bon phséneenienes que tos vopvas encore we réaliser dans Jes foyers ob 
Ia eration minéeale s ecaceatré les reetes de cette setivité qu'elle Aéployalt 
sutavdols nyo une teute watre doerple.” H. de Senarmont, sur la Formation 
dem Mindewax par la Vele bumide, in the Annales de Chimie et de Physique, 
‘Side, xxxll, 1851, 234 (Coepuro alvo Hie de Beaumont, sur tes 
Emanatlons veicansyues ot wetalliftees, ts the Bulletin de le Seciéeé Géologique 
de Prunce, 2° wécin, t xy. ps 129.) 

(™) R205. —* With the chject of mncertadaing the amount of didferesce of 
‘the mean temperature of springs {rem the zomn atmesphesie temperature De, 





lsiv NOTES, 


Edeard Hallmana, at his former residence at Masiealerg, near Boppard, oa the 
Ehkins, cbserved during Sve years (com December 1, 1845, to November 90, 
1850), the temperatare of the als, the quantity of rain, ami the tempersture of 
serte diferest spcings; and fosnded, ca these observations, 2 new and revised 
(exartination of the question of the “ Tesperatar-Verbilltniase der Quellen.” He 
excluded springs of theevaghly constant temperabere (geological speings), i 
lading caly sack as undergo a variation of temperature in the course of thr 
year, These “ variable springs” 440) under two sataral groups; — 

1) Purely meteorological springs, &. ¢, whee mean temperature is demce- 
strably sot beightened by terrestrial beat. In them, tho ameant ef deviate 
from the man atinoupheric temperature of the place is dependent en the distri 
batios of the fall of rain in the different seasons. Such springs are, om it 
iran, colder than the air, when the qzantity ef rain falling ia the four ost 
mechs, from December te March inclusive, is move than » thint of the while 
quantity falling in the exsire year; and they aro, en the soesn, warmer than the 
air, when the rain Gling is the Sour warm mocths, Jely to October, excenit 
oe thind of the whale, The negative ox positive departure from the atmoapherie 
mean is the greater, the grester the excess of rnin in either the cold or the warn 
season. Thove aprings, in which the deviation fram the atmonpberic mean isthe 
Frealmt and moet accordant with the acteal distribution of rain in the year, ame 
regarded as giving “undinfgured mesne;” while thote, in which the deviation 
from the atmospheric mean has been diminished by the disterbing inflence of 
the temperataro of the air when no rain falls, are clawed as giving: “approximate 
rowan” (both, howerer, coming under the gentral head of “ purely meteurwiagiesl 
springs"). The too oear approximation of the meas to the atzorpherie men 
inn consequence either of the mode of obtaining. the remlt—soch ws the 
temperature being mesvared at the lower end of a channel or pipe coming fre 
the spring,— or of the spring iteelf having a euperficial course, and af tbe 
poverty of supe. Of the Marienberg. springs, four belong to the growp of 

"purely meteorological springs.” and of these four, on has aa undisfigured 
‘mean, and the other three, in different degrees, appeealmate weans, 1a be 
first observation-year, tho fall of rain was ia excess io the codd third of the 
‘year, and all the four springs were, in their means, coMier than the airy in exch 
of the fons following years, more than a third of the year's rain fell in te 
warmer four months, and all the springs were, in their means, 

‘sir, and the deviation was, in each year, proportionate to the amount of the 
excess of warm rain, 

‘Thus the view pat forward by Von Boch in 1825, that tho amas of deve 
tion of the moan temperature of springs from the meas atmpspheris temnpeestace 
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faust depend on the distribution of the fall of rain within the annual period, bib 
‘been fimnd perfectly correct by Hallmann, vo far at Jeast as his own station of 
‘Marjecherg, in the Ihenish greywacke, is concerned. It is only * porely meteoe 
ological springs of undisfigured moans" that aro of value for scientific elimas 
tology; sach speings ought, therefore, to be sought for everywhere for this 
Object, ln eeatradiatinction from "porely meteorclogical springs of mpproxi« 
jaute means” on the one hand, and from “ meteorolo-geological springs” on the 
other, 

2) Meteorolo-geological aprings are auch as have temperatarte demonstrably 
‘relsed by the earth's heat, In these, whatever may be tho distribution of the 
‘fall of rain in the yenr, the mean Is always higher than the atmospherle mean 
(the Varlations which they show in the course of the year are imparted to them 
Ay the ground throngh which they flow). ‘The amount of their excess of mean 
‘temperature over that of the alr depends on the depth to which the motecrle 
‘waters slnk before reappearing as a speing, and has, therefore, no elitnatological 
Joterest. The climatalogist ought to know them, thst be may not mistake them 
fee purely meteorslegical springs; they may also, of course, present moro or leas 
spretalmation te the atmospheric meas, by reason cf any channel through which 
thelr waters tay be conducted to the point where their temperature is cheerved. 
The springs wore observed on fixed days, four or five times a month, The 
‘eight abore the wea of tho place of cteeryatisa for atmospheric temperature, a 
‘well nu that of ench of the different springs, was wlio noted. 

‘De, Talimaxn, after completing and reducing his Marieuberg observations, 
ampent the winter of 1862—1863 in Italy; and found in the Apennines, besides 
ordinary springs, some sbnormally cold springs.” - He gives this name te springs 
‘whieh can be thown to Being with them a lowee degree of tempernture from 
eights, They aro to be regarded as subterranean cutlets, either from epen lakes 
situated high in the mountains; or from subterranean reservoirs, from which the 
‘winter descends fo mass, and very rapidly, threagh crmcks and fissures, ata comes 
ewshy ak the foot of the Bits, ux a spring. ‘The idea of an abnormally ect 
‘pring be therefore, that it i to0 cold for the height at whict it laste forth ce 
rather that it iames forth at a part of tho mountain too bow down for ite low 
temperature,” ‘These tiews, given by Dr, Hallmann in the first volume of le 
 Temperntair-VeebRituisee der Quallen,” aro somewhat modified in the ascot 
‘olune, 8 181—183, where ho allows that all springs, oven the wost papers 
ficial, contain scene portion of warmth derived from the earth 

(™) pp 207 —Itumbeldt, Asie Centrale, 1, ii. p. 38, Rexptcting the reasons 
which render it moro than probable that the Ceneanus, which at § of its lengih, 
betweea Kasbegk and Elbures, ln the menn parallel of 42° 60’, rum: BSE 
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W.XW,, fs a continaation of the voleanle fasure of the Asfersh (Altagb) ext 
‘Thinn-sebas, see the same, p,.G4—61. Both these chains rem, with little de- 
viation, between the parallels ef 409° and 43°. The great depressian of the Arai 
‘and Caspian seas, the area of which dopressiom is estimated by Streve, from exact 
measurements, as exceeding that ef the whole of France by almost. 1650 sysart 
(German) miles (Asie Centrale, til, p. 309-312), Ss, I think, elder than the 
upheaval of the Altai and the Thisn-schsn. The Gsure of elevation ef the 
last-named chain has not extended through the great depression 1k only re 
appears west of the Caspian, as the chain of the Caucasus, with seme variate 
of dicectica, but with all tracbytic and voleanic phenomesa. ‘This guulagica 
ccancetion is also recognised by Abieh, and is confirmed by bli by importast 
cheervations. In a memoir on the connection of the Thian-scham with thr 
Caucasus, be says, expressly —* Tho frequency and decided predominance, ont 
the whole distriet (between the Buxine and the Caspian), of a system of parallel 
lines of dislocation and upheaval (nearly from east to west), cnrries the rm 
direction of the axis of tho great latitudinal Cestral Asiatic upheaval’ met 
decidedly to the woutward of the Kosyourt and Belec oystems, snd!te the 
Ceucasian isthmus. Tho mean direction of the Canoams, SE—N.W., is, te 
the contral portion, E.SE—W.XW., and sometimes even completely E—W. 
like he Thian-eohan. The lines of elevation, or upbeswal, which comet 
Ararat with the tmchytio mountains Deerlydagh and Kargabassar near Erie 
our, and in the southern parallels of which Argwas, Sepandagh, and Saban 
are arranged in line, are most dovided indications of = eseun volcasio axl) 
direction, .¢ of » western prolongation of the Thian-ahan threugh the Cs: 
casus Many other mountain directions of Central Asia are also met with agen 
in this remarkable space, and these, as everywhere else, are eo Hnked topetlet 
ss to fern grest mountain nodes, and inaxima of elevation” Pliny (ei. 37) 
says: —* Pers apyellavere Canessum montem Geaucasin (rar, Geascawum, 
Groveasim, Grocasum), hoe ext xive candidom;” wherela Bobles theught be 
recognited the Sanscrit wonks “Kiis" (to ahine) and" graven (rock). (Cam 
pare my Asie Centrale, ti, p. 109.) If the ame Grawoasna has been cer 
rupted into Caucasus, it may, indeod, bave happened, as Klasse remarks 
{in his Investigations oo the Wanderings of lo (Rheinischos Mexesxa fiir Philo 
logle, Jaheg. ii, 1845, S. 298), that a name, in which each of the first ay!ables 
recalled to the Greeks the idea of buming, may have deoated « bursing unsan- 
tain, with which the story of the Sre-kindler, wepanets, easily coanected {teil 
poetically." It is not to be denied that myths aro snmetlines cotasiosed by 
tates; but the origin of so great and important « myth as the Typhonian- 
Caucasian ean scarcely be derived from the accidental similarity of sound is 
mimuderstood name of a mountain. ‘There are better arguments, ene f which 


_ 
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hs referred ta by Kleesea. From the conjunetica of Typhoa and Cancasas, and 
trom the express testimeny of Phorecydes of Syroe (in the fity-tighth Olympiad) 
it lc clon tliat the eastern end of the world was supposed to be a voleanio roan 
ali, According to ons of the Sebslla to Apollonius (Seholia tn Apel, Bhod. 
wl Schavifes, 1819, v. 1210, 624), Phereoydes said in the Theogony, * thet 
‘Typbow, belng parued, fled to Cancesus, and that there the mountain beans 
“out Mow, and tlunt from thence he fled to Italy, where the island of Pitheeuss was 
erews round him." Pitbeemsa bs Bravia (now Ischia), én whieh island Mount 
‘Epowrns (Epopon) emitted fre and lava, according to Julias Obsequens, ninety 
ire years Lefoce our ern; again, under Titus; again, under Discletian; sul 
‘Lastly, according to an exact account by Tolomeo Fiadonl of Lucca, at that time 
prier of Santa Maria Novella, in 1302. Buckh, who ‘has so profound a keow- 
olige of extiquity, sald in w letter to me, " ft is carious that Phoreeydes should 
‘make Typhou fy from Cscarns because it was ou fire, be being himself the 
\wuthor ef tb fee; but Chat his residence la the Caucasus was based on voles 
eroptions believed to have taken place there, seems to me also nndeniable.” 
Apillceias f Rhodes, where be speaks of the birth of the Colehian dragon 
(Apollon. Bhod. Argon. lib. ik vy. 1212-1217, of, Beck.), removes to tho 
‘Cavenses tbe “ reek of Typhca,” on which ho was atrucke by the thunderbalt of 
Taos. Adwitting the lava-itrewns snd cratertakes of tho highland ef Kely, 
hee eruptlows of Anuat and Elburus, and the streams of obsidian and luyn fru 
the 01d craters of Tictandagh, to belvag to pre-historic times; yet the numerous 
eases Wf flines still beeaking forth in the Cancaras, on mountains seven or eight 
theasand feet Ligh, as well us from Govares in wide plains, may well Rave 
ferolabe! gromed exoagh for the whole Caucasian moountaln-territory being 
pegantod as 0“ Typheuie seat of fire.” 

() 208, — Hembeldt, Asie Centrale, t ik p. 011 wn 1S. T bat 
salrwanly reematked (t. U. po-201) that Eriai does not mention the fire of Bake, 
‘nltbougl 200 years before, in the tieth oxttury, Massuii Cothbeddin tae de- 
‘reriled the country at lengib as a“ Nefolaland,” < rich ia burning maplitha- 
epeings (Compare Friilin, Tho Feelns, p. 248, and On the Btyzology of the 
‘Metis word Naphtha, Asiat. Searnal, vol will. p. 124.) 

() p 20%, — Compare Merits yea Kingelleunlt aud Fried. Parrot, Meise in 
tie Kym unt den Kwokans, 1815, Th 1 & 71, with Gabel, Reise in die 
‘Rteppen des wiilichen Tasland', 1998, Th. 1. 8, 949—905; Th. IL 8 
1s. 

(M) R210. — Payes, De I'Acide tovique des Sullvel de ta Toscane, iar the 
‘Annales de Chicle et de Puyeiqur, 9 série, t 1, 1841, p 247—255; Bisel, 
Chiemn. und phyuik. Geologie, BA. |. S. 660—G91; Etabtineernents (adustriels de 
FAciile borwehyae ef Tosoant, par le Coste de Landerel, p 8 
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(PD p 210. — Sir Roderick Impey Murchison, On the Vents of let Vane 
in Tuscany, 1850, p. 7. (Compare also the enriler geslogical ubverrathes ft 
‘Mofimarn in Karsten's and Decken’s Archiv fll Mineral. Bd. xEi 1859, 5 19) 
Targicai Tossetti states from eld, but trustworthy, traditions, thet mor 
these springs or vents of boracic vxpours were formerly seen to appear tedevet 
atnight. In order to add to the geological interest of the censlderations of Mas 
chison and Pareto, On the voleanis serpentine Formations in Italy, 1 wenll ben 
refer to the circumstance that the burning flame of the Chimaera ix Ass Mier 
(noar the town of Deliktasch, the ancient Phaselis, bn Lyeia, om the west dev 
of the Gulf of Adalia), which has burnt for thoosamds of years, also rset fre + 
Lill on the deelivity of Sulimandagh, in which serpemtine im sith am! tds @ 
limestone have been found, Mather more to the seth, fin the litte tlkal ¢ 
Grumbuss, the limestone is seu testing oa dark-coloured serpentine See Gr 
‘valuable Memoir of Admiral Beaufort, Surrey e€ the Coasts of Karatniala, 140% 
P40 and 48, of which the statements have recently been eritirely confiewe! Wy 
‘the Took-apeciimens brought home by a very gifted artist, Albrecht Burg. (Hert 
de Tohihatchei, Asie Mineure, 1888, t. & p. 407.) 

(™) p. 210. — Bischof, work already cited, 8, 682. 

(™) p. 210. — Sartorius von Waltershansea, Physlsch-peographlsche Stir 
eciielans AV OPP Barsen, “Ueber die Procetse der vulksnleebes Or 


. ‘p 212.— Humboldt and Gay-Lussae, ‘Mém, sur I Analyes de YAlr 

suephdgue In the Journal de Phyaiqoe par Lathe te Bx. any 13) ih 
my Kleinere Schriften, Bd. S846.) 

p 213. — Crest wreo dmotion que je vient Ge visiter um leu qut Yt 

“aves fait counaftre il y a eloquante ans. Liaspect des petits velcams de Titacr 


et boneases rien nest changé si ce n'est Ia nature du grax qed oe digage 
arve moi, dlapris Jes conseils de notre mj commun SE, Boussingstt, 
ce qu'll fallalt pour Tanslyeo chimique dex éaunitions gaxounte, milo Pet 
un mélaoge frigorifiqne dane Ie but do condenser la vapemr dies, pele 
m{avait exprimnd le doute, quiaree cotte vapeur on avait pa eotiftmdre Niaett 
sppareil va 6té aucunoment nécessiry, Dia som srrivée aut vile 
leur prononeée de Dbitume mie mis war Ya webs, ot Fai coemamanod pet 


0 ln aurface du Tiguide qui «ive par 
pollioule de pétrole, Le gax reeweilli brale sont 
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et sane dfpesee ba sonfre (x2 contact de Tateerphicr). Aicsi la mature de 
Pidmomine ¢ compltement change cepuas petra rope, 4 mins Cedmattre wee 
errewr Cobeervation, juste par Veta coins avaces de be chimie expires 
fade Bente dpoqee. Je ne doate ples mulntenest us le grande dirsption de 
Golere Zamba, gui a Gcliiné ie poy dace us rayon de 100 kienitres, oe sit 
1 phémemine de acles diveiogpe rar soe crante échelle, poimys'l y existe des 
censaines de petits cfines, verniauant de Targiie eabie, var ete rortace de plan de 400, 
Trem cneren, Je me peupcae feaamicer les produite casect des clon de Torhart, 
(gei remt Des pales ina pins Gicignes de wow todeancites de Tartaca Usprin lex 
mactetatinns oi pelsuantes qui cot fait Saperaltre ee partie de le pisicorals de 
Galera Zamba, devenne Bre Lie, et apris Tapparitinn Lene megrelle Ge, soeherde 
Ge teal de Ia mer voisine ox 1545 ot disperse de nowveas, je enis port hensive 
gue est pots de Galera Zomba, & Tooest du Debs ds Mio Maptalvas, que ot 
tears be priccizal foyer és phéoomice des mises de la province 4e Carthagion” 
(Prom a letter from Colonel Acceta at Tusbaco to myself, 21 Dee 1850.) 
‘Campare also Manquers, Memoria politica sobre ta Nurvs Gracate, 1852, 
73; and Liece! Glaborne’s thins of Darien, p45. 

(PD p 213. — Thewaghout the mbele of my American espedicier, I strictly 
fidiowel the advice given me by Vanyuslin (under wham 1 had worked for seme 
‘tine peevivasty), to write down the decaile of every experiment the sume day, 
sel te preserve the second. From wy joornals of the 17th and 14th of Aged, . 
80H, I subjela the following extract: —~ As, acouniiing te this, the gas, whes 
‘tried weit phosphorons and nitrous gas, ubowel banlly G01 of oxygen, ant 
‘ith ene-water Jeu thas 002 of carbosie acid, L ask mymell, what ase the re 
smalcing slsety-seves parts? I fest sxrmisol carbaretied and enlpberetiol 
Lydeagen; Set no sulphur is deposited on the margins of tle Sttle craters, bs 
contact with the atmosphere, nor was any amell of sulpharetiad bydroges per- 
extent. ‘The pecbiemuical part might seem to heve been pure sitroges, sizor, 
ax shove remarked, a Highted taper cased no ignition; bat I know fren the 
tise when I made analyses in the Grobecwetter, that » light hydrogen gan, fee 
tes any carbonic achl, which was merely near the roof of « gallery of the mine, 
‘sive did mt Igsite; bat, on the contrary, extinguished the mixers’ candles, wil, 
arnt clear ot points farther in the interior, where there was © comiderabie, 
smintare of mephitic gas The resibee of the gas of the volcancites may, there, 
ten, be ealled nitrogen with a portion of hydrogen, of which we are act yet able. 
to state the quantity. May there le, under the voleancites, the aame earbouilee 
yeas schint, which I saw tothe westward at Bio Sim, or mstcl, and sao? May: 
tmonpbesic ait penatrate though narrow cracks into cavities which bare been 
fecmed by water, and, in contact with darck-groy snl, become deoempened, as i 
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‘tbe works in the salt-clay of Walleim and Berchthehingmiesy were the chante 
become filed with gases which extingsish bursing Sights? Or do whatiic ges, 
ia a state of tension, in Sowing ent, prevent the entrance of ateenpberie ait?” 
T wrote these questions dows, fifty-three years age, at Terbecn Accorting » 
the latest observations of M. Vanvert de Mids (1854), the inflemmaliity uf 
‘tbe gas exhaled has quite maintained iterli This traveller has broaght lack 
samples off the water whick fille the Bittle crater-ceiSoes ef the volosnitas 
Berossingsult foend in a “litze” of it G39 of common male.» sathemabe of seis, 
O31; walphate of ate, 0°20; and abe traces of berate of anda aml line 
In the sodienent depesited, Ehrenberg, by exact miermcepic cxamisation, re 
copnined 00 caleateous particies, amd aothing beiunging te scare; bat grate 
qrarts, mized wath lunine of sica and many ensil crystalline prise wf Mack 
angite, ae it eften presents iteelf in volcanic tafa; so trace af siBiciGed spew 
cer of poiypastric infasaria, nothing indicating the neighbourhood of the wna; bet, 
en the other hand, many remains of dlcotytedenoes plants, and of ramen, ent 
parte of lichens, remindiag us ef the coméitersts of the Moya of I'vilm 
‘Whereas Cd Suinte-Cisire Devilie and Grong Decoemana feandy i their fae 
scalysis of the Macalube di Terrepilata, 0-99 of cazburetted hydrogen is the pas 
esnitted; the gas which rises in the Agea Santa di Limésioa néur Catanés pure 
them, as was formerly the case at Turbsco, 0-98 of niltrygen, witlbist ny tece 
chosygen. (Carspleorenies de VAcad. des Se. t xiii, 1856, p. 361 al 366) 

(@*) p. 214. — Hambolét, Vues des Cordillires et Momumens des Deegles 
Lodigtnes de I'Amécique, PL XLL p. 299. The fine drawing of the rulealioe 
cf Terbace, from which the plate was engrave! was by my then yoang trem!- 
Ling companion Lonis de Meus. Os the ancieut Tarruneo, i the eartiest tines 
Of the Spuninh Cooysttts, set Herrera, Dec. 1, 251. 

@) p 21S — Lette do M. Joaquin Acuta 3M. Ylie Se Bewemont, ir the 
Comtescentas de TAcad. des So. 1 xxix. 1849, p 530-894 

(*) p 216 —Humbobit, Asie Centrale, t ip S19—540) elilelly Gee 
‘extracts taken from Chineer works by Kiapeoth and Statialas Julies. ‘The ol! 
Chinese method of rope-boring, which, in the yeare 1830 —1842, was eo sere! 
ccousions employed with advantage In coal-mises i= Belginm and Germany, hal 
been deserited (ma Jobard discovered), in the seventeenth century, in the Balsa 
de TAmbassadear Hollandais, Van Hoorn; but the most exact’ account af thi 
metbod of bering the Ho-tsing (fire-wet') was given by the Prem mibatiney 
Imbert, who resided for many years at Kis-ting-fu. (Anzales de PAmociation & 
ls Propagation de ls Pol, 1829, p 369—S81.) 

() p 217, —Acconling to Dianl, Asie Centrale, tT p SIR Baile 
‘the mod-roloanes at Damak end Surabaya, there are ale oct ether Bends 
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the Indian Archipelago, the sd-voleancs of Pulu-Semas, Pula-Kambing, and 
Pulu-Roti (Se Jonglaln, Jova, seine Gestalt und Pilameeadecke, 1852, 
Abth. ji & 830.) 

07) p 218, — Janghobm, same work, Abth. 1. $201; Abth Gi. S 854— 
B58, The weaker “ Dog-grottos” in Java aro Gua-Upas and Ges-Galan (tho 
fiest word in these names is the Sanserit gubii, grotto or cave). Ax it ean 
scarcely be doubted that the modern “Grotta del Cane,” near the Lago di 
Agnano, le the same that was described by Pliny (ll. exp. 93), almost eighteen 
-eenturies ago, ‘in agro Puteolano,* as “ Charones serobis mortiferam spiritum 
exhailans,” we can hardly refrain from jelning io the wonder expressed by Seaceli 
‘(Mtemarie geek, sulla Campania, 1849, p. 48), that, in a wail 80 locee, and so 
often shaken by earthquakes, a phencmenss so minute ms the conduction of this 
mall quaatity of gas to its outlet, should kave continued unaltered. 

Q*) p 218. — Blume, Bamphia sive Commentationes botanicm, ti. (183), 
pars. 

™) p. 219. —Humbolde, Kasai géognostique sur le Gisement des Boelves 
dens bes deux Iidirisphives, 1823, p. 76; Boussinganlt, im the Annales de Chi- 
nie 4 do Physique, t il. 1833, p. 11. 

™) p219.— On the height of Alausi (near Ticmn) on the Cervo Cuslis 
seo tho “ Nivellement baromatr." No. 206, in my Obeery. astrum wl Lp. dh, 

() p. 220, —" Lexistence d'ano source oe maphte, soetant an fond de ha 
soot den micaschiste grenatiftre, et répandant, selon Texpreesice d'un bistorien 
de Ia Conpuirta, Oviedo, une * liqueur résineuse, arumatique et médicinale; ext 
em fait extrimement remaryuable. Teates celles que Tea connalt jasqe'icl 
nppattionsms aux montagnes secendnires; et ce mode de guement wemblit 
faveriser Nidée que tous les bitumes minérenx (Hatebett dans Jot Tranmect. of 
the Ldanean Society, 1798, p. 129) étaient dus h la destruction dew matitrw 
wigitalen of enimalos on & Tembrnsement des bowlilee, Le phésemine du Godfe 
de Cariaco noqeint wae nouvelle importance, si Vom so rappelle que le untae 
terrain 2it primitif renferme des feux soutersains, qu'an bent Ge cratires es 
flaninds Fodeur oo pétrote v0 fait veutic do tempa ea tempe (pe, dane Teraption 
de Viewer, 1805, lorsque le Volean Inngait dew sceries), et quo ta plupart dios 
smurens trbs-chandes de I'Amériqoo da Sud sortont du grasite (las Trincheres 
rts de Porteentelto), dn gneie ot du schiste micacd, Pes & Nest du méridien 
de Cumans, en descendant de la Sierra de Mexpire, on rencontre a'abend bo 
terrain erenx (tierra hwecn) qui, pondant les grands tremMements dv term da 
2706 n jet de Vasphalte exrveloppa dans du pétrole viayooux; et pia aurabeth te 
‘oF terrain une indinité de sources chaudes byrtrosuifureases,” (Humbobtt, Belat, 
dik da Voyage aux Régions équin. t. l. p. 196, 346, 347, al 447)) 
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(™) p.225,—Koumes, Ba. i, S..244 (English edition, p. 223), 

(7) p 224. — Stmto, i. p58, Casanb. ‘The epithet Sudwspan shows that 
mivd-roleaoes are not here spoken of. Where Plats allades to such io his 
geognontical tmaginations, in whicl he blends the inythical with the oheerre’, 
bbe says distinctly (in oppositios 10 the phenomenca which Strabo has described) 
typot wHA0T worayol, I have almoady treated, o@ another eocation (Bd. i 
8. 480-452, Anm, 95; English edition, Note 225), cf the expressions rye 
and piaf as applied to vwloanic outponrings, I will, therefore, wally recall: lene 
smother passage in Strabo (vi. p. 260), im which the handening lara, termed 
ends wédas, is most clearly characterised, In the description of Etna Jt ie 
said: * The glowing enrrent (Sia) in hardening petrifies the surfer of the 
earth to a considerable depth, so that he who would uncover it mast undevtalle 
the Jabour of a quarryman. For as in the crater the rock ie molten, and thes 
uplifted, «9 the Haid which stresms from the summit is black mass of mad 
(=9M4s) which flows down the mountain, ani after hardening becomes £& for 
seill-stones, and retains the colour which it had before.” 

() 224. —Kounos, Bd, LS 452, Anm. 98 (Begliah otitis, Muse 
228), 

(™) 224. —Leop, von Bach, Ueber besaltinche Inselt und Erhebange 
Krater, in the Ablundl. der hin, Akademio der Wiss, xu Berlin, for 1816 and 
1819, & 51; and the same wuthor’s Physicalische Beschreibung der Canaslather 
Toseln, 1825, 8 213, 262, 284, 319, $23, and 341, ‘This week, whieh males 
an egech in the well:based knowledge of voloanic phenomena, i the frult of a 
‘visit to Madeira and Tensrifio, from the beginning ef Aptil to the end of Octabery 
‘1815. Nanmann, howerer, notices very properly, in his Lehrbuch Ser Geagme 
sie, that in Von Buch's letters written from Auvergee in 1802 (Geognostinte 
Boob. auf Reisen durch Deutschland und Italien, Bu. i, S. 282), on the cocasias of 
the description of the Mont d'Or, the theory of elewation-craters, amd theiremen« 
tal differences from roleanoos proper, were distinctly enouneed. Am Tnutrective. 
companion-picgure to the three craters of elevation is the Canaries (in the 
ialands of Palma, Tenerife, and the Great Canary), is presented by the Asares: 
‘The excellent maps of Captain Vidal, for tbe pablicatian of which we are ite 
debted to the British Admiralty, illustrate the wonderful geological comfeematiess 
of thee islands, In St. Michael wo have the enormous Caldelen das sete 
Calades, formed almost under the eyes of Cabral is 1444, which it an elevations 
crater containing two lake, the Lagoa Grande, and the Lagos Avwl, at a beight, 
ef 866 feet The circumference ef the Calisira te Cores, the dry partien sf 
whose floor is 1279 feet high, is almost as great. The elevathen-cratees of, 
Freya) apd Terceira are situated at almost three times this height, Ty thesase 
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Akind of phenomena of eruption belong the ntmerous but transitory tnvalar eleva. 
‘tons which were seen, fa 1691, In the sen round the island of S Jorge, and, in 
1757, eound Ses Migusl, for a few days only. ‘The periodical swelling of the 
wra-botte, tive er four miles west of the Caldeiea das sete Cidades, producing 
‘a larger Island, and which was of somewhat longer duration (Sabrina), his been 
nlreaily notice! (Kiemes, Bd. i. $252; English edition, p. 290), On the 
‘thevatloo-erater of Astruni in the Phiegrwan Ficlds, and “the trachytio mass 
‘pushed wp i its centre x wn unopened bell-alaped hill,” see Leop. rea Buch, 
in Poggeotoris Annilen, Ba, xxvii. 8, 171 and 182 Rocea Monfins (met 
stared and drawn in Atéch's Geol, Boob, fiber die valkas, Ericheinunges in Unters 
tend Mlitel-Tealien, 1841, Bd. {. §. 118, Tafel 11.) is a fine crater of elevation. 

(7) 7 226. — Sartecius von Walterahuasen, Physisch-geographische Skizee 
‘von Talend, 2847, 8. 107, 

(7) 297. — Ih hes been much detated what fs the special locality in the 
plain of Trervene, ce the peninsula of Methana, with which we should connect 
‘the description of the Roman poet. My friend Ludwig Toss (the great investi~ 
gator of Grecian autbquity by the wid of many journeys) thinks that the ine 
Worliate peighdourkood of Trewene offers po locality which oan be identified with 
‘the intlsted hill, and that Ovid roast have transferred his graphic description to 
that plain by © portic liconss, Toass writes: "* To the south of the peninsula 
‘of Mrthana, and to tho enst of the ‘Tronsenin plain, lies the island of Ka- 
Hauria, Keown as the placo where Domsthenes, pressed by the Macedonians, 
took the poison in the temple of Posehon, A warrow atrait divides the limestone 
‘of Kulauris free the coast, amt gives the town and inland their present naine 
‘Cirwan pos, 0 passage). In the middle of the sound, connected with Kalaurls 
by a Jew, and pomibly originally artificial, dike, there is a small comical island, 
Wis ahepe Mike we ogy cut through ite beogth. It is throughout voloanie, wn 
ounsists of gresiah yellow, atsl yellowish acd reddish, trachyto, with lnterspersel 
Darn aad scoeie, It ba wlmest entirely without vegetation, ‘The presmt tows: 
‘of Peres is built on it, an the site of the aucleat Kalenrin, Its formation appears 
quity plmilar to that of the xeore recent velewulo lands im the bay of Thorn 
(Gamterin), Ovid, in hin spirited description, has peobalty fallowed a Gone 
fersiel, onan ancient legend.” (Liedw. Koss Inn letter to myself In November 
1845.) Virlet, as a inember of the French scientific expedition, expremal the 
opinion that the oleae eliration had tera a later edition to the traclytic 
mans of the peninsula of Methama, and was to by found wt its north-western ox~ 
tremiity, where the black bart rock, called kaimmeni-petrs, quite similar te the 
Kammest at Savterin, betrays a later origin. Mausaniag gives the tradition 
aineng the inhabitants of Methane, that, on the worth coast, belive the stil 
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Set pe Gece eaters ment Gerth, Gre bed risen oat of ths 
Bek (Se Caen Pq, BL i 5 43081 56) Os the “inter 
Rater owes oe” heh at Sete (Sept 1659) flowed the salphuss 
sem, me Bia Dees af ee Gries Eels dw pinedem Moores, Iki, 
SR Oe he ed oF mephchs i be tapes Bee the bere of the Alors 
Seucd < Cmmack, which sppuend i 1726, woe Keteebor's Entideckasgs- bie 
Ba SS 06 wl Lop de Beck, Deeriptos phy siyen des Ties Cancin, 
—_ 

(Dp SSS — Tine highest scat of the Pyrmemen, ¢ «the Pho de Neto 
(ie mera and highest commit of the Malaietts or Malshita group), has beat 
twee ceammd Ciccemecriealy, and ita bright above the sen is 3481 sities 
(LL 420 Eagick tet) acceding te Beboul, amd 9406 mbtres (11,168 Hogs 
Set) sounding te Conkenf It is, therfan, 1705 feet lower thes Mat 
‘Petvacs in the Forsch Alps sear Beiangen In the Pyrenees, next afler te 
Free de Neston in Leight comme the Pe Posts, or Erist, and, in the growp of the 
‘Macberd, Mans Derda and the Cylinder. 

(=) p S25 — Memeice poer servir A le Description géologique de Is Fraser, 
LE R39 Campers om Valleys of Eiresticn and encircling Ridges a Se 
Secon Focmation, the exetieh demsipion of Bir Ealeiek Marcie at 
‘Stark Spates, PL sp 42742. 

(7) p 228 — Beavale ot Martins, Oteery. fatter au Sommet et an Grad 
Phiten és Moat Blane, fa the Asnasire Rétdrs. do la Prance peer 309% 
pest. 

() p 229. —Koumes, Bi ir, $221 (Rngiah edition, R172}, T here 
tnice visited the volcanoes of the Eifel, at very ditferent stages of the develip. 
anent of medere geobgy: in the autemn of 1794, and In Asrust 1643; (ht 
‘Girt time is the district of the Laacher See, and the then still inhabited Abbey: 
and the second thn, in the disteict reand Bertrich, the Mosenbeng, ars the raigb= 
Douring Maara; cach time only fora few days. As, on the last excursion, Ital 
Ube happiness of accompanying my intimate friend Berghunptmnass vos Decbery 
I heavo bres enabled, by a correspondence of many years, and by the cimunath 
cation of important manuscript memoirs, to wrail myself freely of the obserrs- 
tions of this clewr-sighted geologist. Tibave often, ass sy custo, stag, 
by marks of quotation, passages taken vecbally from his cocrmenieatiens, 

(") py 280.— HL von Dechen, Geogn. Ucbersicht der Ungegenil yea Bab 
Bertrich, 1647, 8 1—Si. a 

*) 280.— Stengel, ta Niggenth, Das Gitirge om Misia! eal 
Weatphalen, Dd, & 79, Tafel TIL Cocnpare alvo'C, vom Oeymhasen's ef 
cellent clacidations to hie Geogo, Karte des Laacher Sees, 1847, S 34, 39 al 
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42 (embracing the Eifel and the Nouwied Basin). On the Mary, see Steininger, 
Geognostische Beschreibung dec Eifel, 1853, 8 113. His earlient, and moritox 
‘Tlowa, work, “ Die erloechenen Vulkane in der Bifol und am Nicder-Rhein,” be- 
longs to 1820, 

7) pu 282. — Leacite (of tho samo sort aa at Vesurins, Rocca di Papa in 
the Alban Hills, Viterbo, Rocea Monfina, —according to Pilla sometiines. more 
than three inches in diameter, —and in the Dolerite of Kaiserstubl in the Breiss 
(gan) ls also foand “im sitw us louciteervck in the Eifel on the Bargberg near 
Wieden, The tufa in tho Eifel encloses great blocks of leocitophyr near Boll and 
‘Weiler. 1 cannot resist the temptation of quoting from manuscript the fole 
Towing impertant remack of Mitecherlich’s, contained in a ehemioo-geological 
Jectumn given, a few works ago, in tho Berlin Academy: —* It is only syeous 
‘wapoore which can bare caused the eruptions of the Eifel; but these would hawe 
iyied the olivine wed augite into the minutest dregs, if they had found thous 
sill Guid, In tho main mass of the ejected substances, ax for example at the 
Drolvcr Weiber, there are intermingled, in the most intimate manner, fragmeuts 
‘of the more aacient shattered rock, and which aro frequently cemented together, 
‘Th great masses of elivine and the masses of augite are even, for the most part, 
torrvunded by « thick erast of this mixtare; ave never finds in the oliviee or be 
the augite any fragment of the obier rock; both were, therefure, reedy fortomd 
befiwe they came to the place where the shattering tok place. The olirine atd 
‘nugite had, therefore, already separated therusalres from the fluid basaltic mass 
‘before the batter cume inte contact with « cillection of water or a spring, whicl 
hrenught obout sa expheive ejection.” Compare, respecting the babe, aa earlier 
rmeniolt by Lecaanl Horner, in the Transsctions of the Geological So, 20d 
serine, vol. ly, PLL 1896, p. 467, 

(7) p. 283, — Loop. veo Boch, in Poggend. Annalen, Id. xxxvii. 8 179. 
According to Scaccld, theo qjreted substances belong to the first eruption of 
Veourlus of the year 79; Lovsart's Neves Jahrbuch flr Mineral,, Jaheg. 1853, 
5259. 

() p. 2346.—0n the age of focrnstion of the valley of the Ithive, see It. 
you Dechen, Geogn. Beschr, des Siebengebinges, in the Verhandl. des maturliat~ 
‘Vereins der Prews, Mhelulande und Weatphalens, 1852, 5 556~ 55% Ehren 
berg treats of the jufusecia of the Eifel in the Monatsberichten der Akad. der 
‘Wiss. 2m Berlin, 1844, 8 S97; 1845, 8. 193 and 148; 1846, 8 161—171. 
‘The Tras of Bechi, filed with ersels of pumice ecutaixing iafusocia, form 
Dilla, in meme cases, more than 800 feet highs 

(7) 296. — Compare Boset, in the Mémoires de tn Soci4td Gtologiy06, 
2° edrie, te. p 1% lao in the Island of Java, that wondecful theatre of 
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varied weleante activity, “craters without cues, as Mf were, But volesncey,” on 
fowt (Jungian, Jara, seine Gestalt end Pflamsentecks, Lief vi. & 64t) 
Letwees Gurung Sulsk ant Perwaktl “as explaies-erstery” anchgees b 
Mears Without any encircling rile, they are partly altnatand én entirely Oe 
Parla among the mountains; they lave scattered atcand themselves separ 
fragments of the reky strata which have been explaiad, and they new end aly 
vapoars and gases 

(7) p 237. — Hambellt, Unechse von Vulkanes der Coodilienen von Qe 
und Mesioo, 2 contribetion to the Physiognany of Nature, Plate IV, (Kivi 
Scheifien, BA.  S 133205.) 

(=) p S37. — Casiee ven Valianen, Plate VE 

(=) p 257. — The samme, Fate VITL (Kieinery Sehirifien, BA ES 4en— 
467. On the topographical situation of Popecatepet! (= Senuking Monta" 
the Astec language), i reference to that of the neighbouring * White Wena” 
(Istaccitvaatl), ant ite geographical postion relatively to the Lake of Trarser 
cc the west, ani the Pyramid of Chedats ce the eat, see aiy Atlas gage ¢t 
Phyn do la Nouvelle Kapagne, PL 11. 

(7) p 297, — Uniriee vos Velkanen, Plate 1X; the Star Méant, bs Ate 
Iecguage Cittahepet!; Kieisere Schriften, Bl, S 407—470, and mp Atle 
géogr. et plore de a Nowe. Rapagen, PL XVIL 

(™) p 237. — Uarine ven Valk. PL IL 

(™) p. 237. — Hembelat, Vises des Conlitiives et Monusminte de Traps 
Indigtons de Amérique (fel), PL LXIL 

(®) p 237. — Unrinee von Valk. Pl, 1 and X. Kistoere Schiifies, BLL 
8 1-99, 

(™) p 298. — Users ven Valk. PL TV, 

(™) p 238. — The saree, PL TEL and VII. 

(%) p. 238, — Long belice the anival of Bougoer and Lx Cantino ( 
1736) in the high plain of Quite, long, theeefbre, before seientifie measures 
of the heights of mountains, the natives knew that Chimborszo excerded & 
Height all the other snow-elad mountains of the regiin ‘They had reoignie! 
two lines of level which remain nearly constant throughout the year: ome, tht 
‘the lower line of perpetual snow; and the other, the line to which w single wana! 
fall of snow descends Tossmuch as in the equatorial region 6f Qulte, ai 1 hart 
ebewbere shown by measurements (Asie centrale, t ili. 255), the enowSen 
on six of the highest of these mountain-giaats, caly varies lost 200 fret; sel 
‘as this variation, ns well as the lewer cots peodoced by focal Glreematancn, 
seurcely perceptible to tho naked eyo at so great = distance (the height wf tle 
‘snom-line under the equator Ss equal to the hight ef Moat Ble), the real! ® 
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jan apparently perfect mgularity apd uninterrapted horlzontality, which mtonish 
‘tee cheorver accastomel to all the irregularity in the extent of the snowy ovver- 
dng which beleags to our variable temperate 2e0e, ‘This uniformity la the height 
of the mowline, and the koomlelge of its maximam varlation, in the region 
‘Pornml Quito, furnish an obeerver with vertical bast-lines of 15,800 English foat 
‘above the set, aint 6400 adore the high plains of which, combined with very 
sexxct mesurements of angles of altitude, he onn avail himself in the determina 
thai of distances, and ibe rapid solution of other topographical questinns The 
seco of the bevel Tione abore spohen of, i. tho horizontal line which tnarks 
the lowest limit to whick the snow of m single casual fall descends, deckies as 
te the rilative height of lower mountains, whose summits do not enter the region 
‘of perpetual snow, Of a long chain of such suinmits, whieh had teen errenovealy 
qropanted asof equal elevation, many are seen to remain below the temporary fall 
off woo while the cost aro above it; aod thus the estimation as to thelr relative 
Deight is corrected. In the mountain region of Quito, where the Sierras Nevadss 
soften approach each other, but without their perpetual anow-coverings being een 
Hlowmnaly connected, I have often heard, from the lips of uneducated country 
goople aul berdemen, such considerations and toferences from the lines of perpe- 
tual soow and of casual snow showers. Tho grundeur of natare stimulates the 
Tatelinetual surceptibility of Individuals among the coloured inhabitants, eves 
where they are In the west stage uf clvilisatian, 

7") p. 299, — Ableb, In the Bulletin de ba Socidid do Gdographle, 4* altie, 
£.L (1851) p. 617; with a fine representation of the form of the wacient vole 
oD 

(™) p. 259, — Mambeldt, Views des Cond. p 295, PL LX, and Ate do 
Ya Belat. hilt. du Voyage, Pl. NXVIL. 

(7) p 240, — Kieinero Schriften, Bd. i. S, 61, 81, 83 apd 88, 

P) yo 241, — Junghubs, Reise durch Jara, 1845, S, 215, Tafel XX. 

(7%) p 2At.— See Adelf Erman's Meise um dle Ende (a work of great pom 
Degical mperinnoe, as well as valuable In eo many other ways), Bd Ui. & 271 
and 207, 

(™) f 241, —Sartorian ron Waltershansen, Physisch-gengraphisebe Skizte 
ron Island, 1847, & 107; sed hin Googneatischer Atlas yor Island, 1853, Taf, 
XV. and XVI. 

°) p.242.— Otte von Ketnebue, Eatdeckungs Reise In die Stace tnd ix die 
Berings-Strasse, 1815—1818, Dil. fl. S68; Beise-Atlaa by Choris, 1820, Tal, V5 
‘Vicotnta d!Arehisc, Hist. des Progrts de ta Géobgie, 1847, bp. S44; and Buxeta, 
Dioclonarbe geoge, watssl, hlatordco de as Eolas Filip, tok (Madly, 1851), p46 
azul 470—4711 where, however, there li 20 mention of Ube double clecle(of s score 
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enater in the crator-lake) which Delamere has deseribed so eirenmutactialy 
‘with so much scientific exactonus in his letter to Arago (Nov. 1842, Coc re 
ds de I'Acud. des So. tixvi. p. 756). ‘The great erusption in Dee. 1754 (en racer 
and more violet one had taken place in September 1716) Sestropedd the ob vilagy 
of Teal, situated oa the seath-westers shores of the fake, and which has teen 
sequectly rebuilt farther from the voleaa The small island io the bibs eo 
which tbe velouno rises, is called Hols Gel Voleas (Buzetals work abeer kent 
to). The absolate bight of the roleato of Taal is wbest S90 fie It 
therefore, Eke Kasia, coe of the very lowmt, At the time of the Ase 
wapolition wader Captain Wilkes (1842), it was it full wetivity, Sev Tate 
Stales Explor, Exped. vol. vp 317. 

(P) p 242, — Humboldt, Exanien eit, de THiet. da te Géoge. t tl p15, 
Hasnecis Peciphus in Muiloor's Geogr. Gracl Min & i p45. 

(") p 242. — Koseics, Bd. LS. 299 (English odition, p 217). 

(*) ps 244, — For the situation of this voloano, which im exullnnes le sly 
exceotal by the voloances of Tanen and of the Mendaiia, now the foe Map of te 
Anpanreve Empire by F. von Skbeld, 5840, 

C") p 244. —T do net here name, with the Peak of Tenerife, amg 
land volcanoes, Mauna-rea, to whos conical form ite nase does net cornet) 
for in the Sandwich ishing Iangeage Mauna sigtifies mount, and ros signer 
ong aad very, Nor do I name Haveli, the beight of whith was tong debe! 
and wbich was Jong described ns au unopened tracktic dome. ‘Tive celdiotal 
crater of Kinaueah, « lake of molten lava, situated to the cast of Munson, 
“be its foot, is 8969 feet high according to Wilkes. Compare the exceliet de 
‘tcziption in Charles Wilkes's Exploring Expedition, vol. ty. p. 165-186. 
Cp 2 — Letter from Fe, Hoffmann to Leop, von Back, On the gl 

| Constitution of the Lipari Islands, in Poggend. Aunalen, BA sari 183%, 
‘Volowno, 1268 feet high sceerding to the recent measurement of Ch 
Claire Deville, tid strong eruptions of soorise and sabes in 1444, eh tbe 
sixteenth century, in 173%, ix 1739, wad fie 1772, Tee faraner 
mania, borate of eeleninn, wulpluret of arsenic, phoapherms, ath 


lea Se. t, alii, eae 
P 245. — Squier, in the American Association (tentls amureal meet, 


Geatalt und Pamaendeek, 1853, Bu, LS.99, Ringgit tv sow almooet extioety 
“Tmany thousand human beings perished in its terrible eruptions i 1506, 
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(*) p245,— Thus the summit of Vermvion is caly 258 feet higher than 
the Brocken, 

(™) p 245 —Muwdelat, Vore den Contitiices, PL XLII; and Atlas 
weiter. ot phys Pi, XXIX. 

(7%) js 240. —Junghulin, work abowe quoted, Bd. |. S. 68 and 98. 

@*) p-246 —Commpuro my Relat. list, tL p99, partleularty in respect 
to the distacce at which the summit of the voleans of the island ico has scane- 
‘thmes teen seem. ‘The older measurement of Ferrer guve 7916 feet, therefore 
Od feet moro than the certainly more careful survey of Vidal in 1843. 

(7) p 246. — Erman, in his keteresting geclogleal description of the vel- 
canoes ef the peainsels of Kamtechatha, gives to Awntschimlaia or Govelala 
Soylks 8910 fort; and to Strisleecheaia Sopks, also called Kochurhala Sopha, 
VAAL fort. (Riise, Bd. i, & 404 x0d 540,) Compare, respecting these two 
‘weleanoes, of which the flevt {a the moat wetive, L. de Buch, Desor. phys. des tes 
Canaries, p A7—AL0. Krman’'s mesmurement of the voleaso of Awatecha 
agrees meat nearly with the earliest measurement by Monges, in 1787, in the 
expedition of La Veronse (8757 feet), mol with the meee recent one of Besebey 
(9086 feet), Hofmarn in Ketocbue's, and Lenz in Latke's, Voyages, found 
iealy 8168 wn 6212 foot. Compare Litho, Voy. anteur du Monte, t. lll. p 67 
—S4, Lilthe’s mmsurement of the Striebochnsia Sopkn gave 31,190 feet. 

C™) p. 246, — Compare Penthant's table of brights in Mary Semerville’s 
“hye Geogr. vel, Up 492; Sle Woodtine Pariah, Bommos-Ayres and the Prov, 
‘GF Whos Milo de bs Pata, VSS, p. 343; Poppig, Welse int Chile wed Peru, BA. 1. 
B 4ti—au, 

(™) p24, — May the vomit of this remarkable voloano ‘be dinndlalubing 
iu bight? A arunetzio roearurement by Baldey, Videl, ant Mudge, bx 1819, 
‘still pare 9758 fort; whereas a very accarate and yenctisnl bverver, who at 
renddeed important services to the gecdngy ef velewnces, Baiate Claicw Deville 
(¥epege aux Ties Astitlos ot & (De de Fogo, p. 125), foand, be 1648, only $152 
oct. Captain King, a short time before, had even found erly 6910 feet, 

(™) 1p 247,— Rinnan, Meine, Ba. ii, 6.271, 275, wad 297, ‘The voleune 
olilwelutech has, ike Pichincha, the form, rare among actire vubanen of m 
Tung cide (elirebet), ou which rive detached domes and ceests (rebel), Cusien! 
‘sind bell-shaped rvountalin are wlwaya designated, is ube voloatiic district of the 
realnenla, by the teria eq ki, 

(1) p 247, — On the rrmarkable agreement of the trigenometrle moawerr 
‘ment with the Marometrio ont of Shr Jokn Terschel, won Kents, Ba. i, 8. 41, 
Ant, 2 (Rnglish edition, Neto 2). 

(™) p 247, —The tarometibe menmirement of Sainte Claire Deville (Voy, 
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am eine EP Se De, gee ERAS Sint, memly sneevdet wih 
te wet OT ee chee em sige eet of Book 
7% wee Swe cent or peck fice she Miemeent dn Dight do 
Kee Somat: No ae igs Spe ti p 16 and 975-287.) 
Femme See epee ee, aeatel jaletiy with Piaget in 1771, 
ore set Se iy TLE fie. The comme of the oer wast 
remem fo ene SEY Seem of SY) as was rebsted to me by 
Some seme wei oes peel Rites Twas indeited for so mack 
ee ee 

a Slee mete emma of 19.965 eat; the ee 
ecm Sr ems Bee Te of Diemer Sx the Antarctic: Bagiems, wei 
225; yon wm moeremeen sek. PLN fee ae the height of tis wl 
am eee be i et Se ee ee en he iti 

Sy 2 — Ie Me Dee, hich ee ft meee ed bere 
sremte memamer ac TESFS See? Wo Memb, soe Fherve de Tehibatche, 
Sk ee a TL Wile J. Beni, in bs 
sone wors Taeerom 3 dee Mime. rice. 25 a ean vera fon 1 
er TMCS a spe amen UN Set: at Hf as accordicg © 
eoeren, oe ec ¢ Euarea 3 DNA) Set Jess chan 3 was amore iy 
Fecine fs ur CEN ee Compre Emam ip che Trammct. of th 
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set Teg. Roe ome ging ¢ Dep smash af she vlage of Kaaba 
aca he emma af Kernan agi Sure sie several very sm] 

Zea @ cree pewaind with 2 cracer. bas a form wonderfaly 
vac aing iat ¥ aap. wang mer ia Sees into the shape ofa prow. This 
cower 40 0 mt ‘noe m Se wap Som Kocher & Eregii, fally Sor mis 
sea ce ieme. Toe il seus he seme seme (Tebihatehe® bi p 455: 
‘Filan 5 Gamite, Zeseerctes io Asia Mowe wel p 217.) 

Po — The begis grem i properly speaking, that of the gas. 
prea munman ‘ase, or Lagu Verde. on the margin of which the Solfstara 
ccumoei 27 Jvuminguik Sumi (Acts, Visjes cientifices 4 ks Anics 
uauraieg “HO. 2 TL) 

2 2 de. — ewig seched the crater, amd measured the beight 
garamericaily: & agrem very oamcly with that which I’ stated by estimatio, 
prem y-caree raus carder. un say joerney trum Popayan to Quin. 

2? 347. — Few micanoes have hel their beight so overestimated 21 
Munmacom, We Save sven its supposed height gradually diminish fun 
TR400 see (staoni in Captain Cook's third voyage) to 16,482 feet in King's, 
ana 16.013 Seat in Marchaml’s measurement. to 15,758 feet according to Wilkes, 
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wml 13,528 according te Horner in Kotzebue's Voyage. ‘The data, on which tho 
fast-rained result is based, were frst published, by Vou Buch, in the Deser. 
lyn. des Mes Canaries, p 379. Compare Wilkes, Explor. Expeh vol ive 
P TV1—162. The eutern wargin of the crater (s only 19,428 feet. Manna- 
iron being stated to be without snow (Int. 19° 267), the asswinption of w greater 
Deighs Weald be in oppoditica to the resale found by me in Mexico by many 
teewurerents, giving, for the lower limit of perpetual snow, in the same latitude 
L4ATO feet, (Honibelds, Voy, aux Reg. dyuinox. ti. pp 97; Asie Cente, t tiie 
1p 260 and 959.) 

) p 247— Thits volcano rises to the weet of the village of Cumbal, which 
Ua Htself 10,963 feet wlove the wea. (Aonts, p 76) 

C*) p 247. —I give the ralt of Erman's repeated meamrements is Sept, 
FRI, The height of the margin orster mnat be subject to alterations from tha 
‘ethets of the nuinerous eroptions; for moasurements, equally carefully takeo in 
‘Ang. 1828, bed given 16,029 feet. Compare Exrnan's Physiknlisabs Becbach~ 
Hungen wef tiner Meise wm die Endo, Bi. i, 8 400 and 419, with the “ Histo: 
‘rlechen Bericht" of tho Travels, Bd. ili. 8. 358—360, 

%) 247. — Bouguer and La Coodamine, in tho Inseription at Quit, 
give for Tunguratina beforo the great ernption of 1772, ond before the earth> 
quake of Micdamnta (1797), which cwued great mountaln-falls, 16,779 feet: 
found triguostetrically, in 1802, only 16,490 fue the susamit of the volewco, 

Cp 248, — The barometric meseareinent of tho highest summit of the 
Volean de Puracé, by Francooo Jord Caldas (wha, like my dear friend and 
travelling companion Carton Mostuthr, fell a twcrifice to his bore for the ja 
Gependence wel freedoen of his eative land), is given by Accata (Viajes entitle 
‘0m, 70) at 17,006 foot, Por the litle crater (Anafral del Boqoerva), fry 
which wulphareeux vapours io with a violent noise, 1 dmml 14,4614 feet, 
(Hiumdehit, Reeve! d'Obeery, autrom. et d'Opleatlons trigom. woh. i. pe 904) 

() p 248, — Sangey Is exceedingly remarkable for its uninterrupted actle 
‘ity, and for its situation: being somewhat to the ont of the eastern Cendiliers 
A Quito, south of the Rio Pastans, and 104 geographical miles from the bearest 
parte the const; therefore (like tho voloances ef the “Celestial Mountains" la 
Aska) far from leoling any suppeet to the theories which say that the eastern 
Conlidleras of CLS aro ftee frcen voleanic erupticus by reason of their distaxoa 
from the sea, Darwin did net fail to veroark, in scene detail, en the subject of 
this eld aod widely didfasel const-tbesry, in ls Geological Observations os Seuth 
Aumerica, 1846, p. 185. 

(7) jp 248, — I menvered the beight of Pepocateped!, alee called the Volous 
Grande of Mexico, in the plain of Tetimba, near the Lodian villoge San Nicolet 
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oie Beebe Bd gpa © oe cos whe of he tes ee 
Popeacpe = te Pak of Crimi, ip the highest Cumpaw Hemel Bo 
coed (Chere tee wl Ep SKE 

(CP) bak — The Penk of Occaatg, comer th pergetanl saew, of whi, 
ewer Dar Ser Se ap pee ow Gives eatemely em 
Geet ips el ae ext are SertasSng te eet meatal epee 
ce ceees mag D Yers Crez, wan Sot Semened tigemmetrieny, in 1796. 
Sey Feve fem Eon The vec war 1 79 Get Dt 2 cheer pes 
‘Shes Ss Mitte pin sear Kaleem Send eniy 17,374 fet: Sect the amie 
aittede wee wey coll aol the Sew es Get t beck Campers Em 
Sit, Eeni Pape = be Scr. Eeperme, dL CE 183K, p 166; by 
Aten Se Mexiqae (carte Gre Somme pensions), PL IL; and Kickers Schiitin, 
Bilis 


(5 68 — Beebe, Eee we be Glogs dee Plastin, 1807, p 153 
‘The bright is ccersais, perhaps move thas Ach tow great 

(™) p B08 — I mmr, is EGS, the Beige of the tremeeted eres of be 
wales of Tolima, ctuated ot the serthers end of the Parnes de Qed 


the Valle det Carvajal, oeur the Sitle tows of Reagan The moestais is abe 
gers, st 8 gremt Secasen, fmm the high plain of Baguta As this Eetuion, 
Calta S 1SCG bye enmewtat comoieatel cambecation, ebtainnd @ tileenbly 
appeegimate rsab, 16 630 feet: Semanacts de la Nocera Granada, soevs edicie, 
eectnds per 1. Acta, 1849, p 349, 

(7) B 265 — Thee abetate beight of the valcane of Areqetme bas teen 
Farvae'y gee, that cow éfieeh ty Gstinresh betewes soore estimation: ant 
accasl memeuremeste The distinguished botaniatef Malespina’s Veyageed Ceca 
merigation, De. Thadtras Banke, of Prague, sscendo! it in 1794, and found ox the 
wusoilt 6 crus, which bad bees erected there twelve years befire, By'a triguomme- 
‘trical operation, Hiinibe ls id to have fiend fr the height of the volcano above the 

‘20,525 Eactish feet (19/060 Paris feet). This resale the absiute height, 
bs seach too great, end susy perhaps heve aren from an erroneous aseumytien of 
the aisclate height of the taws of Areqaipa, in the seightourboall of whic the 
operation was execntnd, M Hinke bat then been provided with « taromiter, 
sorely, after having been oo the summit, be, as a botanist, umecustanel to 
trigunemetrical eperations, woald pot ave resorted to them. The bext pert 
‘who ascended the volcan, was Stowell Carzea, of the Unite! Staten (Bante 
‘Psophical Journal, 1523, Now, p 168.) In 1890, Pentland estimated Det 
18,373 feet, wad I bave nsed this number (Annuaire ds Buress das Limgltoles 
poor Tan 1290, p. 325) for my Carte hypentntziqne de te Coritftre den Andes, 
VEDI. It agrees pretty well (to almost 4) with the trigeommétrle messy 
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ment by & French mayal officer, M. Dolley, Aindly communicated to roe in Parts 
hy Capitation Alphonse de Moges, In 1626. Dolley found tho summit of Are- 
quips 10,928 feet, amt that of Chareani 11,857 fect sbore the high plain in 
which the town of Arequipa is situated. Taking the height of the torn at 
F850 feet, frven the barometric measurements of Pyatland and Rivero (Pentland 
ives 7852 feet in his table of heights, in the thind edition of Mary Sonerville's 
Physical Geography, Sed. e@. vol. ik p. 4545 and 800 Rivero, in the Memorial de 
Ciencias naturales, t. &. Lina, 1828, p. 65; Moyen, Reiso um die Ende, Th. Ml. 
1835, & 5), we odtaln, frum Delley’s triganoceettic operation, for the voloano of 
‘Arequipa 18,876 foot, and for that of the voleano of Clareani 19,708 fret, 
Bat the abowo-cited table of altitudes of Pentland gives for the voleaso of Arm 
wqulpa 20,520 foet (19,065 Paris feet), which ts more than 2000 fert abate 
Peatland’s estiinate in 1830, and only too Identical with Hinke's result la 1798, 
which wns 19,080 Paris fort! On the other hand, in the Anales de le Uoi- 
‘verbled Gs Chile, 1852, p. 221, the same volcano is given so bow es 18,373 
feet! A nyelascholy state of hypeotnetrical information 

(™) p. 245, —Boursingwalt, accompanied by a highly informed companion, 
‘Colooel Hall, alent reached the summit of Cetopaxt They arrived, woconding 
tobarinctric messurecent, at a height of 18,862 feet. There romaleed caly & 
‘shart distance to the margin of the ceater, but the excending lowenes of the enw 
Feebade farther progress. Perhaps Bougser's result may have been rather tov 
eval, ws his coupticated trigonometric computation ks dependest on the height 
“of te town of Quito, 

CP) p. 248, —Saluma, which Pentland (Anouaire du Burean dee Loogt 
tudes your 1290, ~ 321) distinotty aflirms to be a still active velesno, is alte 
intel, according to bis new map of the valley of Titlenea (1848), east of Arion, 
Bs the western Corilillera. It is 928 feet higher than Chimbeeux; and the 
proportion: of tts Iveight to that cf the lowest Japanese vuleano Kealma, i as 
‘DO te 1, Thave abstained from placing in the fifh group the Caitian Aeso- 
wprmmA, whieh, acconling to lis latest measurement, by Captain Kellett in the 
‘Hers in 1845, bx 23/004 fect high, because from the opposite oplaiens of 
Mitre (Voyage ln Chill, vol |, py 283) and Charies Daria (Joarmal of Ie 
ssearelves Into the Geology wml Natural History of the ditferect Countries visited 
bby the Beagle, ad od. p. 291) it remains socrewhat doubaful whether this 
cola inountals i um still wetive voleuno, Mary Somerville, Peutlan, ail 
Gillies (Naval Astron, Expat. vob i. 7. 127) deny fee blog #0, Darwio taper 
“Twas surprinel at bearing that Acoogazus was is act the enum sight 
(ith Jan, 1899), bectase this tomurtaly meet meely shows any signa of 
action.” 

do 





(7) p 249. — Thee boeaking-shevagh mames of porphyry show themselves 
‘eo @ great scale near the [limani io Ceniparmps (15,946 feet) and Tetorspamps 
(S703 feet). A quarte-purplisry, cotaining mica aml encluing garnets ani 
angular fragments of siliceous ochist, farms the sumnlt of the celebrated anges 
ifervus Cervo de Foto. (Pentland, in MSS. of 1832.) ‘The Lltimmani, to wbich 
Peatlind gave fint a bright of 7315, and afterwands of 6445 mitres, hes bers 
carefully mensared, since 1847, by the engineer Pissin, whe, o= the cccasion of 
hia great trigenctnetrical survey of the Liscara de Belivis, Sous’, by theme tr 
axgles between Calamarca and La Pas 6509 mttres, 21,355 Exgtiad feet, dt 
fering caly G4 mitres from Pentland’ latest determnination, See: 
chro ta Altitod de Jes Aces, is the Anales de Chile, 1852, p 217 amd 221. 

(7) p 250.— Surtories rua Waltembaasen, Geogr. Skiase vom Inland, S. 108 
ani 107. 

(@™) B 251.— Strabo, Lb. th 276, Camb; Pile Hist. Net Gi oy 

"Steongyle, que a Lipara Equidiore famms tactum differt; et exjne farsa gue 
nace Gaturi aint venti, in triduo predicere incole tradentur.” Compare als 
Urlich’s Vindieln Tinian, 1953, fase, i p39, ‘The ence a0 active yoleane af 
Lipara (i@ the north-east of the inkamd) appears te me to hare been either ths 
Mante Campo Bianco, or the Mente i Capo Castagmo. (Compare Hetfinam, 
Poggend. Annalen, Bd, xavi 8. 49—54.) 

(i) p 252. — Koso, BA i. §, 231 end 448, Atm 77 (Bagh ality 
ToL i 210 amd Note 207). Albert Berg, who had previously. published 
pictoreque work, Physiognomie Gee tropiachen Vegetation -vwa Stlametts, 
in 1853 went from Rhodes and the Bay of Myr (Andriae) to visit the Ch 
sumra in Lycis, near Detiktasch sod Yanartatch, (The Tietkish werd tech, 
signifies rock, ax dich ant righ do znountain; Delikiaich is “ perfaratel reek,” 
from tho Turkish delik, « hole) ‘This travetier first saw the serpentine rock at 
Adrasin, Beanfort had already seea, in the ialand of Garabava (net Grambea) 
south of Cape Cholidonia, the dark serpentine rock resting en limestone (pet 
haps imbedded in it), 1 subjein am extract froma MS comnunicathen fran 
Albert Beng: —" Near the ruins of an axeions temple of Velous rise the remalzs 
of « Chratian church in the late Bysastine style; remains of a mare and of 
two sido chapels, Ina foce-conrt to the enst, the flame comes forth in au open 
‘ing like that of » fireplace, about twe feet brosd, and caw foot high, be the ser 
Pentine-rock. Tt rises abgat theve or Soar fost high, amd giro qut = awectsmell 
Ferceptible at a distance of forty paces." (Te thie = naphihs spring?) * 
sides this grest fate, and beyond the Learthelike orifice, there alk appear ex 
sideclefts, very small, but constant, tongoes of flame, The rock, whwey it i 
touched by tho flaane, is much blackened; and the soct deposited Is eotiected Bee 
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application to tbe eyelids, beth to relieve pula, and particularly for colouring the 
megebrows, At three paces from the Chimanra, the warmth from it ix diffealt to 
Dear. Astick of dey wood held in the opening newr the flame, but withoat 
touching it, takes fire. Where the ancient walle lewn wyainst the rock, gus 
sencapes fem the interstices between the stones, which, probably becwase either 
the temperature is ower, ce the mixture Is semewhat different, does not ignite 
wpontanronsly, but turns when lighted. Eight feet bebe the lange flame, in 
‘ter (nterior ef the ruins, there is an opening, six foot deep, bat only half as 
ide, which probably was oxco yulted over, for, in the damp part of the year, a 
poling of water beenks ont in it bp the side of a cleft, over which a little Marne 
plays” Berg shows, on a topographical plan, the geographical relations of tho 
alluvial strata, of the (tertiary?) liroestone, nil of the serpentine-rock. 

(7 p59. — "The oldest and most important notice on the veleano of 
‘Macaya is inn manaseript, edited fourteen years ago by the meritorions histo 
leal collector Ternans-Compans, of Oriedo's Historia de Nicaragua (eap. ¥. 10 
%)y tee pe S—107. The French translation forms a volume of the Verages, 
Kelations, et Mémoires origienux pour vecvir A UHistaira et A la Découverte de 
Amérique. Compare nleo Lopes de Gomars, Historia general de las Todias 
(Zaragons, 1853), fol. cx, by ned, among very recent writings, Squier, Nica= 
xgua, its People, Scenery, aod Monuments, 185%, voli, p. 211-229, ant 
vol tl. 7. "The voloano of Massyn was then se celvbrated that, in the Reyal 
Libewy at Mutrid, there la.n monograph npon it eatitled: Batra y Descabrl- 
lento del Volean de Masaya quo etd en ls Prov, de Nicaragua, fecha jer 
Juan Sancbrs det Porters, The author wxs one of those who fet themselves 
down into the crater in the strange attempts of the Detnixionn Fray Bias le 
Mest. (Ovielo, Hint. de Nicaragua, p. 141.) 

(7) pe 254. — In the Freoch translation of Ternaux-Compacs (the Spaalslh 
original haa out been published), it ia anid, p. 123 and 132:—" On ne pest 
copeodant dire quill soete peéciserent uno flamme da erative, mals bien uve 
famée ausl nolente que du fea; om ne Ja voit pas de loin pendant Je jour, male 
Len de nuit. Le velean claire autant qua lo fait la lune quelques fours avant 
Share dams woo plein.” This remark, made so bag ago om the kind of iliamina- 
thom of a crater, and of the strata cf air over it, is not witheat bearing ou the 
duubia whieh have of late often been raised as to the disengagemest of Lydrogta 
(gx (ruin the eraters of rulcances. If, in its oodinary tate, here alluded te, Bi 
Juberno de Masaya did pot erupt scorim or ashes (Gomara adds: coma que hazen 
‘tron ‘woicanae), yet St bas sometimes had real eruptions of lava, of which pete 
Laobly the latent was in 1670. Since then the volkana has become completely 
‘extlact, afler.a perpetual light fram it having teen observed for 140 yearns 





inxs 

Strydom, whe ascended I is 1640, found no sensible tence of ignition On te 
(COommmare lenraage, the meaning of the ward Meaya, and the Marihin, 
‘Disclmara's tngesoas ethnographic tevestigations Ueber die axtekiaches Oro 
seen, 5. 630, 160, acd S71, 

() p ESS — Lee tris ecemparmses ccovinrest de dire quis araiext tor 
Or crates richeoms) et Prey Blas, que f'ai connu comene un homme ambitiet, 
‘repperte dherm a relation le serspent qae Ini ot tee assoeis firent sur Ferenc, 
dr pervister & jamais dans bear opinion que In volcan content de Var iif fo. 
rst om fusion” Oviedo, Dencr. de Nicaragua, enp x. p 186 and 196, The 
cheveicler Or bes Tmtine is very excry at Fray Biles having snbl that “(rid 
‘nl Incewd the emperor to give him El Interne de Masaya in his omt of em” 
‘Tals weed net, beowerer, hsv bows again the heraldic cestoms of the at; 
fix the trwre Dinge de Ondax, whe toasted of having reached the crater of Fyp= 
casrped! when Cortes Exet promtrated into the Valley of Mexico, reonived thst 
‘Voluse wm am aldition te hie arms, as did Oviedo the constellation of the 
Seuthers Cross, und, extBest of all, Columbus (Examen crit. t. be. pp 225—2K0) 
a fracmoent of a map of the Antilles. 

(1) p 285. — Mamboltt, Amsiehten der Natur, BL &. S276, 

(™) p 256.— Squier, Nicaragua, tts People and Munumsearta, veh pit 
(Jen Balty, Central America, 1850, p75.) 

(™) 7256. —Memarie geulegiche salle Campania, 1549, p61, Tift 
the beisht of the vuleans of Jerailo 1680 feet abore the plain ig which it ne 
nl 4265 feet above the sex. 

(7) p 257. — La Condumine, Journal da Voyage & TEquatiur, 169; the 
fate, in the Mesure de trols Degrés de 1a Mécidieene de [Hdmisphiee mtu 
nse 

(M) p. 257. — At the coantryhouse of the Marques de Selralegre, the fier 
cf may enfeetenate companion and friend Dea Carlos Mentutar, com was cfiet 
{sclined te attribute the bramidos— which resembled the fring of a ditet 
battery of heavy guns, and were beard with exceedingly unequal inteaslty, the 
Cirectian ot vwiod, end the state of the atimesphere, tempensture, de, resi 

— net to Sangay, bat to Guacamayo, « mountain farty mile 
ef which a path leads from Quito by the Hackente de Asti 
ef Architons aod the Rio Napa. (Seo my epeckal map of the 

(No, 23 of my Atlas géogr, o¢ phys, de TAmériqné, 161— 
) Dou Jorge Saas, who beard the Sangay thunder tmaehy sewer thes f 
that the bramidos, which be terms the romyalihier dal ryt 

Viago & ls America Meridien), Ps. I, til gx 569), bebe te 

‘dean de Mace, whose voice, if T may use the expression, v7 





NOTES. Ixxxvii 


Alutlnetly characterised, To the Spanish sstronamers this eviee appeared par 
ticularly hoarse, and they, thorefime, called it w snore (un ronquido), rather than 
roar (heunide), The myeterious noise of tho voleano Pichincha, which 1 
Dean severs) times at night at Quito without its being followed by any earth- 
quake, lins something cles and ringing, ws if chains were made to rattle, or aa 
Gf masses of lass fell upen each other, Wisse describes the noise of Sangay, 
vrlent ab the mountain iteelf, a8 sometimes like rolling thunder, and sometimes 
etached wok sharp, a if oon was ic the midet of near platoon firing, From the 
‘top of Saneny to Payts and San Bomnavettura in Choco, where the bramides of 
‘Bangay are beard, tho distances, in n south-west direction, are revpectively 20% 
word 348 jrographionl milex, (Compare Carte de Ia Prov, &9 Choco, anit Carte 
Hiypeomidicique des Cocdilitees, No 28 and 3 of my Ads géogr. et phys) 
‘Thus In thee regicas of wild grandenr, including Tungurakus and Cotopaxi, 
swhons Lond wise wae heard by me free the Pacific in Februsry 1803. (Klsinere 
Gohriiten, Ba. 1, 8 984), the voices of four volostioes may be heard fron planes 
tat Little distant from eneh other, ‘Tho ancients speak of the differvece of the 
‘tioise huard ia the Aoliam islands fron the sane fiery orifice at different times. 
(Strado, Uh Vi 276) In the great eruption (January 29, 1895) of the 
veloane of Comsegnina, situated on the sore of the Pacitio, at the entrance of 
‘the Gulf of Perweca, bs Central Arerica, the eubeerranean propagation of gerd 
‘wns woch that the neise was heard distinetly oa the high plain of Boguta: a dis- 
tunes like that of Eten from Hamnbary. (Acosta, in the Viajes cientidqus do M. 
Bouminguedt 6 hor Antes, 1849, p. 56.) 

ry 295, — Konmnes, Na, iv, S. 290 (English edition, p. 182), 

C*) $260, — Carnparo Strabs, lib, %. pp 248, Cramub, Exe woiAlar rend, 
fod BW ri. p. 276. ‘The peogempher of Amasis expresses himself, with much 
oolegienl angnctty, oa two different kinds of origin tx latande (vi. ps 298)¢— 
% Scane lelanis (naming thoes) are fragments of the main land; others pertaln 
fer to the cons for these latter islands of tive Iigh wnas (lying far out wt sea) 
were youbabily raise np from the deep, whereas tlees lying ff promonterins, 
asad operated caly by a narrow strait, may more reasccably be supposed te have 
been torn off from the maialand.” (This is from Grevkun!'s German version.) 
‘The emall proop c€ the Pithecuwe consisted of Ischia, probaly originally called 
Meacia, and Procids (Prochyta). Why this greap ahoukt have eta supposed 
‘to hare bead apes in it bs ancient times, and choult hyve bees named from thle 
supposition by the Greeks wil the Itatian Tyrrbealans — Etrascass thereliee— 
(Stave, lib. xii. p. 626: apes in Tyrrhenian were Apo), remalas very obscure, 
and may perlaps liave teen convscted with the fable of the former inhabitants 
Iuavingg teen changed Into apes by Jupiter. The word Supa, for npes, recalla 
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the Arima of Homer, IL. i, 783, and of Hesiel, Thong. ¥. 30%. The words « 
dolnoet, of Hemmer, are, in scene codices, comtzactel inte ene, acd it is tires ve 
find the wonl io Roman writers (Virg- a, Ex 716; Ovid, Metams. xiv, 64) 
Plinites (Hot. nat. Gi. 5) even says ponitinvly: “Ainaria, Homenp Insrimse iicts, 
Gracie Pitbeenia ... 4.” The Homeric land of tes Avinnen, where Types 
ley, was looked for, in antiquity itself, in Cilcka, Mysla, Lydia, in the welesic 
Fithecua, ia the emter Pateonus, and ia the Phrygian Burnt Lasd (ante 
which Typhos cooe lay), aod even ie the Kstabeksunvne. That apes aboold 
have lived im Ischia, 90 far from the Africas const, withis hiistorie tines, sees 
the more impeobable, beer, as I have elsewhere remarked, it is net even 
proved that opes lived in secieat times on the rock of Gikealtar; fer Eis (ia 
the twelfth century), and ether Amabiaa geographers whe ave described the 
Scralte of Hervales «o chvamstantiaity, do net mention them. Also Pliny denies 
the apes in Snaria, but dedaces the name of the Puhermen, is the snat depres 
tabi manner, from wits, dofinm (0 Sgtinis dotiorum).  Béckh aay —" 
seema to me that the principal thing a this inquiry is that Teurima Se mate 
of the Pithecose, which has arisen ost of learned interpretations and Setios, ay 
Coreyea wohl in this way become Scheria; and that Aneas was first compectad 
with the Fithecarn (Sore insnlm) by the Romans, who found their anteater 
everywhere in these regions. Nevins aleo seems to bear witness to this comsee 
don with ness in the flest hook of the Panic War” 

(™) p. 260, — Plad. Pyth. i 32, Compare Strabo, rp. 245 and 248, 35% 
627. We have already remarked (p. 207, Note 285) shat. Typhen tal Gun 
the Caucasus to Lower Italy: as If te myth indicated that the yoleasie up 
tons in the latter country were less oh than in the Caucasian ithrnns ‘The 
consideration of popular myths cannot be separsted from the geography aed the 
history of voleanoes. They often threw light reclpevcally upon each ether. What 
‘would be regarded as ghe most powerful of the moving forces 08 the arface 
the Earth (Aristot. Meteorol. li. 8, 3), the wind, the encleed gowems, woehl 
Le recognised as the general cansn of volcanic action (Sememitting timentiins 
and earthquakes). Aristotle's consideration of natare was founded om the reel- 
prvcal action of the external and internal subterrasesn air, om @ theory of exha- 
JLution, on differences of hent ard cold, of moist and dry. CAristot, Meloor 
81,95, $1, and jl. 9,2.) ‘The greater the mass of the winds eneleced ix 
subterranean and submarine hollow passages, and tho more they are hindered 
from moving rapidly and fur acconting to their eataral inberwat peepwrty, tr 
more violent will be the eruptions, “ Viafen vontocemy cnpte loemn smal? 
(Opti, Metam, * 389.)) Between the " pneamna: 





srayclet, Atlstot. Meteor, fi, 8, 9; #0) 720 1d nip olay mewuaror nur poous, 
‘Theoplenst,, De gan, § 30, p 715.) Aloo from the clouds, the poeoms sud- 
denly wet free sends forth the kindling sad for sbining thunderbolt (mpnorip)- 
J the Land of Fice, the Katakekauteene of the Lydiansy* anys Strabo (lib. 
sail, jp. 628), “there are still shown three hollows, fully forty stadis from esc 
other, which are called the Bellows; there Iie over them roagh itis, probably 
led op by the glowing tases which have been blown out." He had peevicaaly 
seal (lib, Lp. 67) that “between the Cyclades (Thera and Theeasia) fumes of 
fire had for four days burst forth from the wns, #0 that the whole sen boiled asd 
Jwurvt; and gradually an inland foeriol o€ glowing masses was heaved up ws by 
a levers” All these phenomens, so well deseribel, are attributed to the oom 
premal winds, weting ws elastic rapours. Anclent physics eoncemed thenselres 
Dut little with the several rarities of substances; they were dynande, aod 
regariod the messure of motive furee. ‘The view of the inceesslng warmth of 
tho Easth with Increasing depth a8 the cause of voleanoes and earthquakes, Is 
ficst rand expremed, bs the third centary, by a Christian bishop in Attica, under 
Diocletlan, (Koarnon, BA. iv. 8264; Koglish edition, p. 197.) The Pye 
phlegechon of Pato, as a atroam of fee eireulating in the interior of the eartdy 
fonds all lava-giving voloanom, ax noticed above ia the teat, p. 261. In the 
eurlient prosentiments of men, ant within w small circle of ideas, we find the 
germs of that which wo now Ubink we ean explain ander tho form of ether 


(7) 6 262, — Mount Kilpecombe, or Mount St Lazarar, on the nal 
land (Cros’s ioband) which lies wost of the langer island of Sitka or Baraow 
In Nerfellc Sound, and which lad already been seen by Cook, is a hill of ealy 
2770 fet high, composed! partly of basalt rich In elivien, and partly of febapathie 
trachyte, Tia lest great eruption, which brogght much pamice to the surtice, 
wns in 1706, (Lotkd, Voyage autour du Monde, 1896, 1. iii p. 15.) Eight 
Feary afterwanls, Coptaln Lislataky went to the summit, where there ben 
‘erate take, He found at that thine no IndSeathons of setirity at any part of the 
anennitals, 

(™) p26k—As early as under the Spanish dominion, fa 1781, the 
‘Spanish engineer, Don Sued Gallaher, hae fonnd, for the surface of the Laguin 
of Niearaguay a height ooly six feet above that foun by Baily in bile disferees 
Jevellings in 1898. (Humboldt, Mel. list, tl. jp 321.) 

(*) R265 —Cowpare Sir Edwand Belcher, Voyage round the Worl, 
vol: Lp 185, L found myself in the Papagnyo storm, nocending to my eros. 
rortrle hangltwle 199 Lt" West of the meriitian of Guayaquil, or In 99° 07" W. 
of Greeawich, 880 gengrephical miles weat of the shore of Costa Mica. 





(™) p26 —My earliest writing om the subject of a range of seretem 
Guatemala and Nicaragua voleasces is in the geographical Joarmal of Berghaus 
(Uiethe, BA. vi 1896, & 131—161): At that titne I could avail eps ie 
addition to the old chrwateles of Fuentes (lib. ix. cap. 9), only of the lnypocast 
Comper» de la Historia de ta Cinstad do Guatemala, by Domingo fusrmm xt 
af throm sexys, by Galisteo (trom a survey made ry order of Matins te Gadret, 
‘Viewy of Mexico, 1782), by Jood Reni y Rebi (Alealde Mayor de Gusts, 
1800), and by Joaquin Yeas and Antonio de la Cenla (Alcalde de Gres) 
whieh 1 pomeas, pritseipally in matmserigt. Leopold veo Buch, In the Food 
version of és work on the Canary islands (Desce, phys. ides Tes Camasies, 1896, 
fp. 00-514), enlarged ny eketch is o masterly manner; but the uncestalery 
which thea prevailed respecting geographical nunes, and whielr Joly fs sxe 
cam, to one name being confmunded with another, gave rise te amany doubt; 
thee have now, for the most part, been set at reet by the fine map of Bally ant 
Saasters, by Matian’s Bosqueje de la Repshlica de Coste Teiea, nl hy the great 
and very mertocious wuek of Squier (Nicaragas, its People and Manan, 
with Tables of the comparative Heights of the Moantains In Central Asseriss, 
1852; eo vol. kp. 418, and vol IL p 102). ‘The Important’ work proce! ty 
tus by Dr. Oersted, under the title * Schilderung der Naturvorbiliuniase ra 
Nicammgus wed Costa Rion,” in addition to the Setanical and soblegheal lermtl- 
gatloas which were the peincipal objects of the author's Journeys, will albethrer 
Tight on the geology of Central America; whieh be traversed, io a yurkety of 
Uireetions, from 1846 to 1848, and from whence Be teowghit back with bis tt 
Copenhagen a collection of rock-epecimena. I owe to bit kind comausiontbos 
some interesting rectificaticas of my fragmentary week, Frocs s earefid eo 
arisen of the inaterials which I now posses, inchading: also worn very walaiile 
coes from the Prowinn Censal-Geeeral in Cytral Arsorien, Herr Haun, oe 
fulowing table of Ube voleances of Central Anerioa has boca draws wy, prooml- 
ing free South to Narth : 

cmatral high plain of Cartago (4646 feet), Im the repulitie of Cat 
10° 9°), rhe the three wlloandes of Turrialva, Tres, and Beventads 
ich the two fret are still setives 

‘olean de Turriatra® (about 11,000 feet) i, acevrdling t+ Ourviod, saly 

Teast by 8 deep narrow cleft. Its summit, froma whiel oibames of 
amended. 

Veican de Ins, also called the volcano of Cartago (12,006 fant), te the 
north-east of the velcano of Reveutads, (s the peinciyal seat off wobeaue nctivny 
In Costs Ttiea; yet researkabiy nocessible; on the southern side there by + 
owocessiue of terraces, the summit, from whence both oceans arg viable, muy 
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de reached ulinost entirely cn horseback. The cone of cinders and rapili, about 
1000 fort high, rises ont of az encieeling ridge (a orater of eleyntion). On the 
fatter north-casters portica of the summit ties the proper crater, between 7000 
fend 8000 feet in circumference, and whieh never sent forth strouns of lava, Tis 
‘ernptions -of seorim have often boon accompanied, in 1729, 1726, 1821, ant 
1847, by earthquakes which have destroyed towns, and have extended fro 
Biearagus oe Rivas to Pimama. (Ocrsted.) Dr. Carl Hoffinann, fn a reeent 
scent of Iria, in May 1855, examiond the summit erater and the orifices uf 
eruption wore closely. ‘The hieight of the veleano is, ncoording to a tigen 
metric mewrnrement by Galindo, 12,000 Spanish (11,000 English) feet. (eu» 
wlandia, 1856, No. 3.) 

Kj Merwwtade (9486 feet), with a deep crater, whoio southern margle has 
fallen in, and which was formerly Gilled with water, 

Darha (abont 8500 feet), north of San Joud, tho enpltal of Costa Bica, with » 
‘erater whieh enclooes several little lakes, 

Uetworn the veleavoes ef Barba anid Orosi there is a line of voleanoes, whisk, 
ranting east and west, erones the principal chain, of which the direetien ia Ni- 
earagyia and Conta Rica is SE—N,W. On this eronefiasnro rise, beglaning 
from the east, Miravalles nad Tenorio (each abeut 4700 fovt Iilgh); in the mide 
in, seath-eeat of Orosi, Rincon, also called Rincon de ta Vigja® (Squier, vol. p. 
102), which every epring, at the beginning of the raliy seam, has sell erap 
lows of mbes) upd meet to the wast, near the little town of Alajuela, the vole 
expe of Vetus, rich in wulphur (7513 fort). De. Qersted compares thin plein 
mance of the direction of voloarse netivity oree @ eraes-finware, with the east and 
‘wont dineetion, which I foapd in the Mexican lise of volcanoes from sea te tem, 

‘Oroai®, still actlve, fx the ineat souilbern part of the State ot Nicarages (0220 
fort); probably the Velean del Papagayo om the chart ia the Depasito Hhkro 
grafico, 

‘The two wloanoes of Mantelra and Ometepes® (4160 and 9220 feet), oom 
semnall island le the Laguna of Nicaragua, called by the Aatee iahabitante of the 
district, “ ore teptl* or “two mountains.” (Cunpare Brachaiasa, Axtekinehe 
Oreanamm, S178 and 171.) The inland-relenso Owelepes, wreagly called by 
Ignarres, Onetep (Iist. de Gustem. & 1, p 51), ke atl active, It by draven le 
Squier, wi il p 235, 

‘The extinct center of the latand Zapatera, bat little ralaed abere the level of 
of the twa, The period Of its forrner eruptions is wholly ankvown, 

‘Tha voleano of Mammabacho, on the western shore of the Laguna de Xearagns, 
ww Mttle to the soath uf the town of Granada. As this town (whieh ie also called 
‘Manibacho, Oviedo, Nienesgus, ed. Ternaux, p 245) i pltuaton betwen tha vile 





cay eal Muasra, jil¢a dmignate sometines one snd sometimes the ether 
Gone meetin by the imbctsite nase of the Veloano of Granada. 

Mecuya (Dissya) bas teva described mone fully in the text, p. 263-255 
Th was fermerty as active as Stramboli, but hes been extinct since the great map 
he of leva iz 16TO. comming to the Interesting mcoount by Dr. Schermt 
(Stummgpberielite der philes, bist. Chane der Abad. der Wisn am Wien, Bd.a3. 
S53), t= Ape 1859, chealls of steam were ogain emitted from = newly speed 
cater. The voloane of Masaya is situated Setween the tro lakes of Nisaagst 
ted Managua, to the wrt of the tewo of Granada, Massaya is ust sypanyers 
with Nindiri; bet Massaya aad Nindiri * forss a twin voloana,” with two sums 
eal two ditiewat emators, both of which have given ont lava. ‘The strean of lira 
fhm Neniri la 1773 reached the lake of Mamszua, ‘The equal beight of the 
twp volcanoes so wear to each other is otated te be only 2454 feet. 

‘Veleas ds Macsotocibs® (7000 feet) active; subterranean thander efter 
ound, withent smoke being seen; i N. lat, 12°28, wt the corth emi of the 
Lagwes de Mazagus, ever against the small islaed of Moretoesbito, di ls 
acalpéared remaian (See the drawing of Mantotorbo in Squier, vol, kp 283 
sod 502-312.) The Laguna de Managua is between 27 aad 25 feet higher 
thes the Laguna de Nicaragua, whieh Is more than twice ta large, ead ba 2) 
bblied-releasa, 

From hence to the Galf uf Fonseca or Conchagua, uf a distance of treaty 
miles fruss the const line of the Pacitic, there extends a line ranning SB— NW, 
of six vulenuoes, near te each other, aint bearing the common name of Ks Marl 
bog, (Syuler, vol. ip. 429, vol. Lp 123.) 

£1 Norro®, wrvagly callet Volean de bas Piles, becwnse the erupaion of the 
22ch of April 1850, took place at the foot of that meuntulu: a comabbeabie 
eruption of lava almost im the plain iteelf! (Squier, vel. ii. p. 105—110) 

Voloan de Telicn*, visited in the 16th contury (about 2929) dy Orleda, 
during its activity ; situated to the east of Chineedaga, tear Leon de Nicanagsa, 
therefore rather cat of the direction before assigned. This linportaat veleame 
which emits ealphureoas vapours fre a ceater 300 feet deep, wan mccentel » 
few years ago by my friend, Profewser Julius Priitel: he fommd the bre 
cormpoted of glamy felspar and augite. (Squier, vol ik p WG—117) Os 
‘the susmelt, 9517 feet high, there ls a crater in which the 

mst masses of salphur, At the fout of the vulcano there ie « mud-rpring 


wcendel aad reas! ty Cagtaia Sir Edward Delber in 1889, ‘The rat od 
bis measurement mus S560 feet: a later measurement by Syuler gave 6000 fee 
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‘This yeleano, which was very netire in Dampier’s thine, be stilt burning. The 
‘eruptions of burning scorim are often seen io the town of Lean. 

‘Quanacanes ; rather to the verth, out of the line frun El Nuevo to El Viejo, 
aly twelve miles from the coast of the Gall of Fonseca. 

‘Consequina®, on the promontory which runs out at the southern end of the 
Gulf of Fonseca (N. lat. 12° 60') ; celebrated for the deendfut eruption, preceded 
hy earthquake, 230d Jnnusry 1895, The great darkness prodaced by the fall 
‘of sales, similar to that which has sometimes been occasioned by Piehinel, 
Jasted forty-three hours. At » few feet distant torches could not be perceived, 
respiration was impeded, wn subterranenn noises, resembling the discharge of 
Reary ordnance, were heard not «nly in Balies, on the peninsula of Yuoatan, hut 
also in Jamaica and on the high plain of Bogota, the latter being move thie 
8500 fect above the ea, and almost 560 geographien! miles distant. (Juss 
Galindo in Sliman's American Journal, vol, xxviii. 1895, p. 392—N96; Asista, 
Viajes lon Andes, 1849, pp 66; and Squier, vol ie p HIO—DEDy drwwings, pe 
163 tad 165.) Darwin (Journal of Resnarches during the Voyage of tl Rengle, 
chap. 14, ~ 291) calls witention to a remarkable colseldence of pluenetnena ¢ 
After & og slumber the vetoanoes of Consegnina in Central Amerien, of Avene 
eag i wil Corcovado (S. lat, 324° and 434°) in Chill, bruke cat en the ame 
day: Was thie an oocident ® 

‘Voleano of Coochapus, or of Amalspa, at the nocthern entrance of the Gulf of 
‘Foaseen, oppesite to the vuloso» of Cunseguins, at the fine Puerto de ta Union, 
the port of the rwighbeuring tows of San Iiguel, 

From the State of Conta Rica to the voleano of Osnelugua, tle range of 
twenty velemoes follows a S.E—N.W. direction, but at Conehagns, where it 
enters the State of San Salvador, which, in a length of 160 geographical miles, 
has five voloanor, all still more oF bese active, the line of oleances, lke the envet 
Hoe towards the Pacific, turns more E.S.E.—W.N.W. of even sheet E.—W.; 
while oa the eastern (Atlentie) aide, stout Cape Gracias 6 Dies, the comnt-tine 
ella ot waldenly in the territories of Hoedures und Las Minquitos, (Cerne 
pare text, p 269.) It ie not, wns there remarked, watll the lefty roloanons 
of Ob Guatetnala ave passed, about the Lagens of Atitien, thet the flemer 
ptneral directing, N.45° W,, retarms, and costinoes to Chiapa xed the tsthimay 
of Tehusatepee, when the aleormal K.—W. direction renygears in nen-veloasle 
halen The retaining four volcanoes im the State of Sas Salvator, beddew 
Comehagua, ares 

‘The voleane of San Miguel Booothin® (N. tet. 13° 31°), near the tows of that! 
name; the Gnest and most regular trachytie cour, text 10 the islanderecan 
‘Ouneteper, bs the lake of Nicaragua, (Squier, vel. Up. 196.) The veleanio 
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feeces are very active i= Bosotlan : it had a great cutpoaring of lava ou the 20c 
ef Joly 1844. 

‘Volcano of San Viceate*, west of Rio de Lempa, between the towns ef Sacae- 
colacs ant Sacatelepe. A groxt eruption of ashes took place, acconiag to 
Jusrros, in 1643; and in January 1835, » very destructive earthgnake acoun- 
‘panied an eraptioa of lang @aration. 

‘Velcano of San Salvador (N. lat. 19° 47°), nour the, town of the same mame 
‘The latest eruption tok place in 1656. The whale disteiet round bs expend 
te nerere earthquakeshocks; that of the 16th of April 1554, which was oo 
Foreoded by aay soise, overthrew alinost all the baiklings to Sun Sabradon. 

Velcaso of Ixaleo®, near the village of the anme name ; often produces ima- 
riate of amatonia. ‘The first Listerieally known erupting took place om the 2rd 
of February 1770; sabseyvent eruptions, of which the light was seca at grout 
distanors, took place in Apeil 1798, 2805 to 1807, and 1825 (See abyre 
Pp 255—254, and Themnprom, Official Visit to Guatemala, 1629, p 512) 

‘Volcan do Pacaya® (N. lat. 14° 23°), advot twelve miles seath-mst of thy 
town of New Guatemala, on the Hitth Alpine lake Amatithen ; @ ery active, 
often flarcing, volcano ; an extended ridge with there rvanded samenits, Ip hal 
great eruptions in 1563, 1651, 1671, 1677, aad 1775; the last off thewy is 
which much lava flowed, was described by Jisarros, who hinself wileessed it. 

Next follow the two volcanoes of Ol Guatemala, named Ds Ages aod De 
Fuego ; in 14° 19" N. lat, pear the coast. 

Volcan de Agua : a trachytio come near Escuintha, kigher than the Peak af 
‘Teneriffe; surrounded by masses of obsidian (evidences of ancient eruptions) 
‘This volcan, which enters tbe region ef perpetual snow, recebved its sane from 
‘® great inundation which was attributed to it, and «bleh, in September 1641, 
destroyed the firet city of Guatemala, and cocasionel the foundation of the seamed, 
now called Antigua Guatemala, which was built more $0 the 3.3.W. «(Wan the 
inundation produced by esrthquske and melting of snaw ®) 

Volean de Fuego®, near Acatenango, twenty sniles W.N.W. from the Volos 
de Agua. For their relative situation see the rare map (engraved at Guatenads 
‘and given to me from thence) of the Alealde mayur, Don Jooé Siveal y Bhi, 
entitled, Bosquejo del Espacio que media entre los eitrence de Ja Provieeie de 
Suchitepeques y la Capital de Guatemala, 1800. ‘The Veloan de Pungw te sell 
active, though mneh Tess so than formerly. ‘The matlier great ermptiens: tik 
Place in 1681, 1586, 1623, 1705, 1710, 1717, 1732, 1757, and 1799, beth 
‘Was not #0 much these as the destructive earthquakes which scomepaniel shen 
that induced the Spanish Government, in the secont half of the ast century, te 
forsake the second site, whore the ruins of La Aztigus Geastemala mow stand, 
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and to oblige the inlabitants to establish themselves more to the north, 
in the new town of Santiago de Guatemala, On this, 2s an the removal of the 
mie of Rictamba and other towns near the voleances of the Andes, there was 
gwuch dogmatic and passionate debate respecting the ehoice of w locality; 
which might to supposed from previous experiance to be littlo exposed to the 
Hlects of neighbouring volcanoes, streams of lava, eruptions of scorix, and earthe 
quakes! ‘The Voloan de Foego had w great eruption in 1852, when it aest 
forth « stream of larn towards the shore of the Pacific, Captain Basil Hall mes- 
wured, under anil, the two voleances of Old Guatemala, and found for the Volean 
te Fungo 14,065, wad foe the Volean de Agua 14,903 feet. Poggemloeif ex- 
aculoed the data on which these results were basal, and inferred 4 Jess height, 
se wbout 13,110 feet for the mun of the tin, 

‘Veloun de Qoomalteensgo® (N, lat, 15° 107), barning since 1821, and giviag 
ak emoke: near the town of the name name: tho three conical mounts whieh 
hound the Alplow lake, Atitlas, on the south, arv also supposed to be burning. 
‘The voles of Tajnulse rained by Jaarres cannot woll be identical with the 
vleano of Quesaltenango, as the latter is forty geographical miles to the N.W, 
of the village of Tajainuko, eoath of Tejaths, 

‘What are the two voleances of Sacatepeywes and Sepotitlan naroed by Fenet ; 
or Hrntis Volean de Amilpas ? 

‘Th great Voloane of Sooetuees ¢ near the beanlary of Chiaps, twenty-eight 
niles sowth of Ciudad Real, in N. lat. 16° 2", 

At the conctusion of this hing sete I xmas again recall that the barousetric de- 
terminations of height are partly given by Espinsche, ant partly takea from 
thn Writings and monys of Baily, Squier, aod Molina, wml that they wre expensed 
iu Patio feet (which in the translation have been ceuvertat into English feet) 

(7) pe 265.— OF the voloances cited by me as nective either Geniwrly oe af 
resent, the fulliwing vightee, alroost half the nwmber, may be regarilad ws still 
mere or bees so 1 Treen asd Terrialva, near Cartage; ol Rinown de le Vijay 
‘Votes (1) ant Oren ; the inland.volenso Ousetepee, Nindirl, Morsoteento, 
‘Buwro (a8 the foot of the trachytio mowntaln las Vilas), Teliea, al Viejo, Cote 
going, San Miguel Bosotlan, San Viownte, Laaloa, Pacayn, Volcan de Fuego (de 
Guatemala), wal Quesaltenango, The moat recent eraptions werp those of el 
‘Neevs, 18th April 1850; San Miguel Bosctlan, 1848; Consguina and San 
‘Viowete, 1835 ; Taalen, 1825 5 Vokan do Fuego, 1799 and 1852 ; and Facaye 
nts. 

C™) BR 266.— Compare Synier, Nicaragns, vel fl. jp 103, with pp 105 sed 
HEN well ws his eurller abort Notice on the Volcanoes of Central Armerion, 
1800, p 7) apd L, de Buch, es Canaries, p. 506; where mention le made of the 
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stovam of lava which isuat from Nindiri In 1775, and which as recently been 
seen again by 2 very sclentifle traveller, Dr. Oerstod. 

(P) p. 268.—Soe all the bases on which these determinations of position ix 
Mexico are fonnded, and thelr comparison with the cheervatious of Deas Jonas 
Ferrer, in my Recacil d'Oteery. Astron. vol. U. p. 521, 529, and SB6-—S00, wnt 
Essal Pol. sur la Nour. Esyagne, ti. p, SS—89 and 176, th p 17k Be 
specting tho position of the Voleano of Colima I had myself early expreee 
doubt (Essai Pol. t i. p. 68, and t. il p. 180). By altitudes taken by Crp 
tain Basil Hall under soil, that voleano would be in 3. Sat. 19° 36", oe ball « 
Gegree north Of the position which I iad infecred freca the Itineraries ; bet 
without absolute determninations for Selgos and Petatlan, which I ese! a 
points of departure, ‘The latitude and the eleration (12,008 Expl fet), gir 
in the text, are taken from Admiral Beecher (Verage, Pl. IL pn 587), Th 
mont recent map by Laurie (the Mexican and Central States of America) ives 
19° 20 for the Imitade, ‘The latitude ef Jorullo may also be two or three 
miinotes wrong, as when there Twas much engaged with gecdugical asd wpe 
‘graphical examinations, and neither sun nae stacs were visible for the Getermies 
tion of latitude, Compare Banil Hall, Journal writtes on the cemat ef Chill, Pers, 
and Mesieo, 1824, vol. il, p. 679; Beechey, Voyage, PIL p. 687; aod Hum 
boldt, Eesal Pol, tL. p. 68, tip. 180. In the faithful and highly pleturesqar 
viows which Morite Bugendas has taken of the Voleano of Colima, and whieh are 
preserved in the Berlin Suseum, one inay distinguish two smpustaine ear ese 
other, one the proper vulesuo fram which sweke always Euues, whieh tras bet 
little anow, and the other, tho loftier Nevada, which extees deep inte the maha 
of perpetual snow. 

C™) p. 272.—The following is the result of the determinations of Eatinake 
‘and lougitads of the five linear groups of woleanioes in the Andes, ait alio a alate 
ment of the distances Letween ibe groups, elucidating the relative ameant of tht 
‘yoleanle and non voleanio spaces > 

1. Group of Mexscan voleancex, The fluure on which they rise ram 
east ard west fromm Orlzabs to Colima, for a distance of 392 geographical 
miles, between 19° and 19°20’ N. lat. The Voleano ef Turtle staale 
apart, 128 miles to the east of Orieata, near the coast of the Galf of 
Mexico, in # parallel (18° 26") half & degree more to the somthh 

IL. Distance of the Mexican from the next, the Central Ameriran grap 
(belng the distance from the Volcano of Orizaba to that of Secteusco i the 
ESE.—W.NW, direction) : 500 miles, 

ILL. Group of Central American voloxnoes: its length from SE. to 8. 
fro Soconusco to Turvialva in Costa Rica, above 680 allen, 
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Distance of the Central-American gronp frum that of New Gennada 
and Quito: 628 miles, 

Y. Group of New Granada nod Quito ; its tengih from the eruption tn 
the Parumo de Rais, north of the Voloan de Tolima, to the Valera if 
Sanayi 472 miles, The part of the chain of the Andes between th 
‘Voleano of Paracd near Popsyan and the southem part of the volonile 
‘sountaln-knot of Pasto rune NE—SSW. Par to the esat of the wiles 
‘pees of Popaynn, at the sources of the Itio Fragua, there is a very isolated 
‘Wolcano which I have entered in my general map of the mountain-knots of 
the South-American Condilleras from the scoounts communicated to me by 
the missionaries of Timana ; distance from tho rea-shoro, above 162 miles. 

VE. Distance of the New Granada and Quito group from that of Peni and 
‘Bolivia : 900 miles; which is the greatest distance withont volcanoes, 

VIL. Group of Pert and Bolivia, from the Volean de Chacani and Ave 
quips to the Volcano of Atacaina (10)°— 21]? S. lat.) » 420 Tries. 

VILL, Distance of the groap of Pera and Bolivia from the Chilian yulewnio 
etewps O40 miles. From the part of the desert of Atacama, at the edge of 
‘which rises the Voloane of San Pedro, to far Leyond Copiape, and even to 
‘the Voloano of Coquiinbo (90° 5° 5, tat.) in the long Condillorn west of tho 
‘two provinces of Catamarca atd Rigja, tbere is not & single voloanie este. 

1X. Chifian growp: frem the Voloano of Coquimbe to that of Sea 
Clemente, 968 miles, 

‘Thowe estivations of the length of the Cardilleras, with the curvatures arising 
frum ebanges of direction in the ais, fron the parallel of the Mexioan yoteanons 
{iv 19)? N. et, to the Volcano of San Clemente in Chill (46° & 8, lst), give 
for an eatien distance of 4968 roilos a epnce of 2,540 miles covapled by five 

Mawar groups of voleanses (Mexico, Central America, New Granada and Quits, 
‘Teer and Botivis, and Chill), ant a space of 2428 miles probably without vel- 
texnoes, ‘The spaces are therefore nearly equal. [have given rery definite 1 
goarkcal relations, such as could be derived from # careful discumion of my own 
aad ctlier maps nnd snsterials, in the hepe of ieduciug others to farther rectill- 
- ation end improvement. 

(™) p. 279. — The group of Mexican robsances compeises thone of Orizabs *, 

_ Poporatepet!*, Toluca (or Cerro de Sea Migorl de Tutoeuitlapiboo), Jorullo®, 
‘Cotima®, wed Turtla®, The still lrarsing velossoes aro here, as in other shedlar 
‘ata, tearkoed by an asterisk. 

(™) p 272.—Tihe volcanoes of the Ceatral-American grosp are enumerated 
in Notes 390 and 391, 

4") p 272. — The group of New Granta and Quito counprives the Paraine 
VOL, IV, e 
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| The six haut named veloamees compen the grep ef Areycipa 

- Vedeas de Tacore, or Chipicani, scomiing to Pentlantty fae Map fr 
Lake of Tilienes 1 17°45" &. beight 19,735 feet. 

Veleam de Sabaima*: 22,350 feet high; 1897" 8; = tranestel oer 
of the mont regular form; see abere, Note S71. Sahatea, according 


(he hightet kawn samt on the pike. According tn the Jac al 
ccrenta from Colonel Wangh, Ist March 1856, the four highest mes 
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tales in the Himalaya are: Mount Everest, or Ganrisehanks, north-east of 
Katmamdeo, 29,000 feet; Kinehinjings, north of Durjeeling, 28,154 feet ; 
Dhawalagisi, 26525 feet ; wod Techumalari (or Charalari), 23,930 feet. 

‘Voleano Porarape, 21,700 feet, 18° 8° S, almoat a twin mountain to 
the next volcano, 

‘Veleaoo Parinscots, 22,033 feet, 18° 12" S. 

‘The greup f four trechytic cenes : Suhama, Pomarape, Parinsceés, and 
‘Gualation’, which lies between the parallels of 18° and 18°25, i, ac- 
cooing to Pentland, higher than Chimboraso, higher than 21,424 feet. 

‘Veloato Gualatior! * + 21,960 feet, 18°25'S.; in the Bolivian province 
‘Caranges ; according to Pentland burning strongly. (Hertha, Bd. xili. 
1820, S21.) 

Not far from the Sahama greup, in 19° 7 to 16°25" S, the direction 
thoth of the series of valeances ant ef the whole chaés of the Andes to tbe 
‘weet of it, ouddeniy alters from N.W.—SE. to Nem6., which eettinves te 
‘beithe general direction to the Straits of Magellan. Ihave already spoken 


(Konner, Ba. i. 8 910 and 472 5 English edieion, p. 284 und) Neto 347) 
ef this iinportant inflection which is mnalegeus to the oe ta the Highs of 
Bialra ca the west coast of Africa, 

Veleasa Isluga 1 14°20" &, in the peoviece of Tarapaca, weet of Co- 


‘Vedeun de San Pedro de Atacama: on tho north-eastern edge of the 
Sesert of the sume name, according to the recent special map of the waler- 
oon amvsly waste (dealerto) of Atacama by Dr. Philippi y lat. 29° 16° S, 
sixteen geographical miles nerth-tast of the little town of San Volre, nit 
far frow the great Nevado de Chocelqne, 

‘There je 20 vobeane fom 214° 10 90° S. 5 aad after this Jong knterrugtion of 
508 rulles, voleanio activity first reappears in the Vokano of Coqulmba For 
‘the existence of a Volcano of Copiago in lat, 97°26" is denied by Meyen, though 
Dalievel by Philippi who haew the country well, 

(™) p.272.— Our geographical aud geological knowledge of the Chilian 
group, ot Tine of vsleances, is largely indebted to the able investigations cf Cop. 
tain Fite-Roy and of Charles Darwia, fa the memceable Expeithan of the Ad. 
rvmture* ated “ Beagle." Darwin embraced, with the estnpreheasive glance end 
pitit of genmraliaaticn which belong te him, the eomneetian in one pollt of view 
ef carthquake plurscnens and voicanie eruptions. The great satural eveut which, 
v@ Uy 22nd of November 1822, destroyed the town of Copiayo, was socom 
pana hy the clevation of a considorstte strip af land alang the coast j unt 
daring the very similar plucscmnensn whieh, om tbe 20¢h of Febreary 1835, 60 
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greatly Injornd the town of Concepelon, a ealmarine voleans ‘beck forth wr 
Recalao Head, on the island of Chilo, with a fery eruption whieh raged ris 
dently for a day anda half All this, with previous similar eocurrences, unbe 
slonllar conditions, coafirsns the belief, that the range of rocky islets which, wat 
of Vabiivia sed Fuerte Maullin, lie opposite to the flonts of the matelant; vis. 
Chiloe, the Archipelago of the Chones and Huaytecas, the [Penisunls de Tox 
‘Montes, apd the Inlas de la Campana, de la Madre de Dies, de Santa Lec, 
sod lox Lobes, from 39° 53 S. Jat. to the entrance of Magellan Strait 
52° 16 are the jagged crest of a sunken westermmest Corditiems. It is tree tat 
ver nee 20 ope trachytic cose, mo volcan, in thove frmetis ex myuare lees, bet 
single submarine eruptioas sometimes following, sometimes preceding, «rat 
earthqeakes, sppear to point to the existence of this western fiamre (Tu 
wis, on the Connexion of Veloanic Phenemens, the Formation ef Moustais 
Chulas, and the Effect of the same Powers, by which Continents are elevated: 
to the Transactions of the Gevlegieal Society, second series, vol. vt. IIL 18%), 
Pp 606—615 and 629—691 ; Hambcldt, Essai Pol. sur In Noww, Eapage, 
tL p 190, and &. iv. p 287.) 
‘The tweaty-foar volcanoes of the Chillan group, proceeding: fem aarth 6 
seath, (rom the parallel ef Coquimbe to 46? S. lat, are ns follows — 
wt Between the parallels of Coaimbo and Valpsrsizo : 
‘Volcan de Coquimbo (30° S'S); Mee, Th. 2, S385. 
” Limasi. 
wo Chusgel. 
Aconcagua®; W.NW. of Mendeea, 32° 39 Ky bell? 
23,004 feet, according, to Keli, (sen shove, Mate 071} bal antler 
to the tneet recent trigoscmetric mensarement of the engineer Amati 
Pissis (1854), coly 22,30) feet, lower therefore than Sabarma, to which 
Pentlasd sow assigus 22,350 feet ; Gillies, U.S. Nawal Aste, Exp 
Chill, wh i, ph 13: Plasin Bas given las fell the ypecdacital ehementa of 
his measurement (which required eight triangles) in tie Annales dela Osi- 
versidad de Chile, 1852, p, 219. 
Peak Tupangato bas assigned to it Sy Gilliss 22/450 feet, and S12 
-S.; but in the Map of the Province of Santiago, by Winaie (Gillies, p45) 
22,016 feet are given, The Matter valoe (6720 sndtven) is retaicel ty 
Pissis ia the Anabes de Chile, 1850) p12. 
3, Between the parallels of Valparaise ak Coocepcicn 
+: scconding to Gillis (vol. & p. 19) in S4°-17" S, tat (bet 
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Yevkern through Upper Jurassic strata in which von Bach recognised Exo» 
KytS Couloni, Trigonia contata, and Ammonites biplex, taken from beights 
of 9600 feet, (Description Physique des les Canaries, 1836, p. 471.) 
‘No streams of lava, but flames and eruptions of scorle from the erater. 

Peterta® 1 cast of Talen, 34° 53° S.; often burning ; and, according to 
‘Molina's description, having bad a great eruption Dee. 3, 1762 ; was vi- 
sited, in 183), by the able explorer of nature, Gay. 

Volcan de Chillan : 36° 2" S.; tho district has been described by the 
‘Missionary Havestadt of Munster, Near it is the Nevado Descabezato 
(89° 1S), which Domeyko ascended, and Molina Cerruneoasly) stated to 
‘be the highest mountain in Chi Gilliss estimates Sts height at 13,100 
feet. (U.S. Nuval Aste, Exp. 1855, vol. 1. p. 16 and 971.) 

‘Tucupel : west of the town of Concepeion ; also called Silla Veluda ; 
perhaps an unopened trachytic mount connected with the burning voleszo 
ef Antaco, 


Between tho parallels of Coacepeion and Valdivia ; 

Aniaes*: 37° 7S. ; geologically described in detail Yy Poppig, “a 
baniltde crater of elevation, out of which the trachytic cone rises; lara 
‘streams bert forth at the foot of the cone, and more rarely fron the 
summit crater.” (PUppig, Reise in Chile und Peru, Bd. i. S264.) 
One of these streams wns still Qowing in 1828, In 1845, the diligent ex- 
Phorer Domeyko fond it in full activity; he gave Its belght only 8918 
Feet, (Pentland, in Mary Semorville's Phya. Geography, vol. i. p. 186.) 
Giles gives for its height 9242 fret, and menties new eruptions in 185% 
Acceriling to aa account communicated to me by the last-named distin 
guished American astronomer: $ would appear that, in the Interior of the 
Condiliers, on the 25th of Nov. 1847, a new veleano was upheared foering 
n Lil? 220 fect high. ‘The sulpburous und flery eruptions were even by 
Detmayko for more than a year. Far to the east of the Veloso Antwen, 
tes & parallel chales of the Azdes, Popplg mentions two other active voter 
woes: Punbamuiéda® and Uealanyuen.” 

Veleamo Cellsqui, 

‘Voloan de Villarica* 1 39° 14° 5, 

‘Voloanso Chifial 1 99° 35 8, 

Vetcan dle Pangnipalli® « according to Major Philippi in 40}? S 

ed, Between the parallels of Valtivia and the southernmest cape of the Eland 
of Chiloe ¢ 

‘Volcano Rance, 

 Qlorne, of Lianquiliae » 41° 9" Sr helpht, 7442 fect. 
rd 





NOTES, 


Volean do Calbuco : 41942" 5. 

‘Voleano Guanshnea (Guasegue ?). 

Volcano Minchiarnadom : 42° 45° S.; height, adeat 8000. 

‘Velean del Corvorado* : 49° 12° S., beight, 7500 feet. 

Volcano Yanteles (Yotales): 43° 29 S.; height, 6029 fret. On ihe 
Svar lnst-mnentioned heighta, see Fite-Rey (Exped. of the “ Beaghe” rel ii. 
P 275), and Gillisn, vol. i pe 13. 

‘Voleano San Clemente: opposite to the Peslasuls de Tres Mantes, which, 
nceonting to Durwia, consists of granite; 46°" S. On the great Map of 
South America ty La Crus, a mete sowthern véleaso, called do hiv Giga 
tes, is marked opposite to the islands do la Maire de Dis, in 51°45 
Its existence is very doubtful. 

‘Tho Iatitoges in the above Table wre fur the mont part takes fem the Saye 
of Pianis, Alles Campbell, and Clande Guy, in the excellent week of Gilles 
(1855), 

(*) 1B 274.—Humboldt, Kieinere Sebriftes, BL. 1. 5. 90, 

CM) p 27424 January 1804, See my Estai Pol. aur bs Nour, Expagse, 
Lip 166, 

(1S) p 277-—The mion-schtst of the mountaia-kect de Jou Robles, its 2° £ 
and of the Purumo de las Papas (lat. 2° 20/), ontitains two modntaintales, 
Laguna do §, Jago and Lagnna del Buey, lens than six miles from each eb, 
from the first-nauned of which Gows the Cwiea, sod from the second the 3ag- 
dsleas River. ‘These rivers are soon after divided frocn each other by & runt 
mountalmehain, and reunite, in Int. 9°27’, in the plains of Moawbex aid ‘Tye 
rife, The above-mentioned knot, between Popsyan, Almaguer, and Tisaas it 
of great importance in regard to the geological question wheter the Aries 
Chai, Pers, Bolivia, Quito, and New Granada are connected with the elitla 
the Panama Tnthovus, and thas with that of Versgua amd the voltaic sume of 
Costa Kica and the wliole of Central America, Is my maps of 1836, 1897, xi 
1831 (tho “mountain-syutems” of which have Lees more wildly cirenliatal Sy 
Brné in Joaquin Acosta's fine Map of New Granule (1847), and Other mips), 
Thave shown the manner in which, ia N, lat. 2° 10', the ehiia of the Ante 
trifurcates, the western cordillera running between ‘the walley ef the ie Come 
‘and the Rio Atrato, the central one between the Cwnea and the Magdalen, ef 
the eastern between the Magdalena and the plains, or Manes, which are watew! 
by the tributaries of the Amasona and the Orinoce I was able to abiw the 
special direction of each of thees cordilierms from a grest number of paints Wii! 
are pact of my series of astronomical determinations of places, Of which i Set 
America alone I obtained 152 by atar culminntienk, 
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‘The Western Cordillera runs east of RioDagua, west of Caxeres Roldanilia, Toro 
and Ansenna near Curtago, SS.W.—N.N.E. to the Salto de San Antonio in the 
Rio Caves (lat. 6° 14°}, which is south-west of the Vega do Sapia. From thence 
‘nnd wp to the Alto del Viento, 9600 feet high (Cordillera de Abibe, or Avidl, 
Jat 7°12), the chain iacremses considerably in height andextent, and in the Prov 
‘vince of Antioquia unites with the middle or central cordillers. Farther to te 
‘worth, towards the source of the Rios Locio and Guacuba, the chain sinks and 
wobdivides into ranges of hills, The Cordillera Occidental, which, at the mouth 
of the Dagua in the Bahia de San Boonarentura, is only about thirty miles from 
ithe const line (lat, 3° 00°), is twice as far from it in the parallel of Quibdo in 
‘the Chooo (Jat. 0°48), This retnark has some importance, becuase we must 
‘not confoand with the western chain of the Andes the bigh billy land and the chain 
‘of hulle which in this province, rich in gold-washings, runs from Novita and 
‘Tadeo along the right bank of the Rio San Juan, and tho left bank of the Mio 
Atrats, from south to north, It is this inconsiderable range of bills which, in 
‘the Quebrada de la Raspadura, is traversed by the Canal of the Moa, which coa- 
‘pects two rivers (the Rio San Juan, or Noanama, and the Rio Quibdo, an aifluent 
of the Atmto), and thereby brings the two cceans into connection (Huinboldt, 
Bosal Pol. tL p. 295); and [A is also this range which was seen in Captain 
Keliet’s instructive expedition, between the Bahia de Cupica, in bat. 6° 42’, wo 
Jong fruitleasly extolled by me, and the sources of the Napipi, whic falls into the 
Atento. (Compare Essai Pol. t. i. p. 231; and Robert Pitz-Mey's Considerations 
‘on the great Isthmus of Ceatral America, in the Journal of tho Rayal Geogr, 
See. vol, xx. 1851, p 178, 180, and 186.) 

‘The middle chain of the Andes (Cardillera Central), perastently the highest, 
entering the region of perpetual enow, and running throughout its whole extent, 
ike the western chaln, almost north and south, begins about thirty-four miloa 
northeast of Pepayan with the Paramos of Quanacos, Halls, trace, and Chinche, 
Further oo. tuwarts the north rise, between Bugs and Chaparral, the long 
vesttended ridges cf the Nevado do Baraguan (lat. 4° 11), la Moatalia de Quindio, 
the apow-corered trancated cone of Tolima, the Voleaao asd Paraino de Buix, and 
the Mesa de Herveo. These high and rude mountain solitades, designated in the 
Spaniah language by the narne of Paramos, are distinguished by temperature nod 
‘by 4 pocaliar character of vegetation, and in the part of the troples which I am 
now describing, oseupy elevations which, by many measarements, may be stated to 
wverage fre 9500 to 11,000 French fost (10,124 to 11,723 Engl). Is the 
parallel of Mariquita, the Herveo, and the Salto de Sas Antonio, begins the mas- 
lve junction, or coalition, of the western api central chain which has been ale 
pealy alluded to. This coalition is most striking betwere the Salto de Sam 
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Antonio and the Angostura and Cascada do Caramanta near ‘Supia ‘Ther 
lias the highland and the difficaltly accessible Province of Autiopula which, se. 
cording to Manuel Restrepo, extends from 5{° 40 87° N. lat, anil tn which, 
Sil proceeding from soeth to north, we name succesively » Arma, Stns) 
north of the sources of the Rio Saanana ; Marinills, Bio Negro (6842 feet), and 
Moiellin (4847 feet) ; the platesu of Santa Roe (S460 feet); and the Valle de 
Osos, Beyond Cazeres and Zaragoza, towards the confleence of the Cases ant 
‘the Nechi, the mountain-chain properly vo called disappears; and the mutern de- 
livity of the Cerros de San Lucar which, when navigatieg and surveying the 
Magdalena River, Law from Badillus, in 8° 1” N,, and Paturta, 7°96 Hy ie 
only readered sensible by the contrast with the broed plain of the river. 

‘The Eastern Cordillera offers the geographical interest not only of ividing the 
whole northern monntaln-system of New Granada from the lowlands, Eros which 
the waters flow partly through the Caguan and Cuqueta te the Amssons, ext 
partly through the Guaviare, Mets, and Apure to the Orizoco y but alae of being 
decidedly connected with the coast-chain of Carncas, There is bere « conjunc 
tion of mountain-ridges which have been elevated over two Sikseres of wery 2if- 
ferent direetions, and probably also nt very different times "The eastern ear 
dillera departs much more thun the other two from the direction oF the teridias, 
deviating #0 moch towards N.E, that at the snow-covered mountains af Mecids, 
in 8° 10/N. Int, it Is already 8° more ensterly than wt the rontatn-tawt de ios 
Robles not far fom the Ceja and Timana. North of the Pammo de ti Sew 
Yaa, east of In Purificacion, on the western declivity of the Paramo of Chinsigs, 
at a height of only 8760 feet, there rises absve the onl fortst the fine Yat tine 
Joss high plain of Bogot (lat. 4° 36"). It extends over sbont eighteen (Germua) 
geographical square miles, and Its altuatlon presents wm striking similarity to thet 
of the basin of Kashineer (which is howerer, according to Victor Jacquenstt, 
3410 feet lower, and belongs to the south-western declivity of the Himalaye 
chain), Nest tothe plateau of Bogut and the Paramo de Chineaga there filet 
in the eastern condillera of the Andes, towards the north-east, the Tarames wf 
Guschanequs, above Tunjs; of Zoraca, above Sogamono; of Chit (16,000 feet f) 
near the sources of tho Rio Casanare, a tributary of the Meta; of the Almormades 
(12,854 foot) near Sooorre ; of Cacota (10,986 feet) near Pamplona; andl if 
Laura and Porquera near la Grita, Here, between Pamplona, Salazar, aol 
Rosario (between 728" and 7° 50° N. lat), fs the smaill moamtalnceot, five 
whence a crest stretches northward towards Ocala and Valle de Upar, wet 
of the Laguna de Macaraibo, and unites with the sivanced paste of the Sie 
Neraia de Santa Marta (19,000 feet 7). ‘The higher and move conshlersbls 
crest continues to run in the previous NE, direction towards DMeriéa, Traxilly 
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tated Barqulalmeto, there to mite itself with the granitic cesat-chain of Vene- 
‘amela, enat of the Laguna de Maceraibo and west of Porsto Cabell, From the 
Grita sad the Paramo de Purquera, the Eastern Cordillera rises again to an ex- 
traonlinary height. ‘There fellow, beteeen the parallels of 8° 8° and 9° 7', the 
‘Siorra Nevada de Mecida (Mucachies), explored by Boussingsnlt, and of which 
‘Codaszl has nasigned the height, by trigonometrical measarement, 15,165 fret, 
‘and the fie Paramas of Timotes, Niquitao, Bocund, and de las Rosas, full of tbe 
mont beautiful alpine plants. (Compare Codatsi, Resumen de la Gengrafia de 
‘Venormels, 1843, p. 12 and 4955; also my Asie Centrale, on the height of per- 
Prteal snow in this zone, t. Iii. p 258-262.) The wostern condillern is on~ 
irely withoot woloanio activity ; in the middle ene it prevails np to Tolima and 
the Paramo do Ruiz, which, however, aro almoxt three degrees of latitude from 
the Volom de Pome. The eastern cordillera has neat its eastern declivity, 
ant the erigin of the Rio Fragus, north-east ef Mocon and south-east of Tix 
‘mana, eenoking bill ; snore distant from the shore of the Pacific than auy other 
‘willl active volcano in the New Cortineot, An exact knowledge of the local 
‘Felations of tho velcasces to the ramifications of the mountain-chains is highly 
Janpertant towards the completion of the geology of yoleaxcen. All elder mapa, 
excepting that of the highland of Quito, are only enloulated te mislead, 

4) p 277-—Peotland, in Mary Somerville's Phys. Geography, 1853, rel. i 
185. The Peak of Vileanoto (17,020 feat, in 14° 28° lat), m part of tho 
jesus of mountains of that name, and directed east and weet, forms the northers 
‘extremity of the high plain in which the Lako of Titicaca, 8 miles long, appears 
‘ool s small inland sea 

(™) p 278 —Compare Darwin, Jourual of Researches into the Natural His- 
tory al Geotogy during the Voyage of the * Beagle,” 1845, p. 275, 295, and 
S10. 

0") p 280.-— Junghabs, Java, BA i. S79, 

") 1p 280. —Jangbobn, Java, Bd. iid $165 ; wed Gdpport, die Tertilictloen 
‘waf der Insel Java nach den Entdsckungen von Junghubn (1854), 817. The 
twence of meovcetyledons is, however, caly to be understood of the ailicitiel 
trunks of trees frund on the yarfnce and particularly in the rivers of the Ban- 
tam district ; ia the sebterrannean coal-beds remalas of palms are found, bee 
longing to the two genera of Flabellaria and Amerneusen, See Gippert, 5, 31 
and 35, 

C7") p281—On the aigeideation of the word Stim, and the conjectures 
comunusioated to me by Burncaf respecting its connection with Méca (a Sans 
etit weed for sea), vee my Asie Centrale, tL p 114116; aod Lassen’s Ine 
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ment which has been elrculated in many valuable writings, that during the erup- 
Nica of 172.0 part of the mountain bad fallon ix, and an adjacent area of 
many eyoare miles had sunk down, as greatly exaggernted, (Janghuhn, B. il 
5. 98 and 100.) 

(0) pe 284-—Koamos, Bi. iv, 5. 495, Anm, 90 (Engl. editlon, Note 254), 
wand Voyage aux Régions équinox, t ii. p16, 

(0) p 285.—Junghuln, Ba. si, § 241—246, 

") 286 —Jungbwhn, Ba. li. 8. 566, 590, and 607—609. 

(0°) p 944—Laop, von Buch, Phys Besehr, dee Canarischen Inseln, §, 206, 
218, 243, and 259, 

40) p 286.—Barranco and barranca, both terms having the samme meaning, 
sand beth in use in Spanish Ameries, do indoot properly denote a water-furrvw, 
mm mater-rift : “Js quicbea que hacen en la tierra lus corrientes de Ins aguas ;*— 
© tna torrente que hace barrancas ;" they arv, howerer, also employed for every 
kind of rayine, I doubt whether it is correet to coneet the word with barra, 
clay, woft moist mud, road mire.” 

(2) p.287,—Lyell, Manual of Elementary Geology, 1855, chap. xis. p. 407. 
‘The most striking analogy with the phmnomenon of the regular ribs in Java is 
‘Protented by the wurface of the mantle of the Somma at Vewuvius, on the seventy 
foldings of which much light has been throwa by an ingenious wnd exact observer, 
Talia Sebinidt (Die Eruption des Veaurs tm Mal 1855, 8 101—109). In the 
‘view of Leopolil ron Bach these furrows were not originally made by the runing 
down of rain-water (are not therefore “ fiamare") but are rifts, as it were starred 
‘eracks, produced ia the first upheaval of the roloano, The generally redial 

of the lateral eruptions relatively to the axis of the veleano seems coa~ 
pected with this (8. 120). 

(*™) Dp 287-—" Lichsidieane ot par conséquent les pierres-ponces sont aussi 
Farms h Java que lo trachyte Iui-méae, Un auteo fait trbe-carieax c'est Ibs 
sence de towte coulde de bare dans cette fle rolcaniqae, M. Reinwandt, qui Iui+ 
ante a obserré un grand sombre d’éeuptions dit expeensicant quis n'a jamais 
ea Mexemples que I'éruption ta ples violente ot la plas démastatrioe ait été mo- 
‘compagece de laves.” (Léop. de Bach, Description des Ides Canaries, p. 419.) 
In the specimens of the voleanle rocks of Java for which the Cablaet of Minerals 
tnt Bertin is indebted to Dr. Jurghubn, diveitie-trachytes, composed of éligo- 
‘lane and hoenblende, may be mest clearly recognised #t Burangagung, 8. 255, 
‘of the Leliser-Catalogue; at Tyinias, S. 232, and fren ©. Maran, situated in the 

district. ‘This is alee identically the same formation as the dioritie. 
trachytes of tbe volcanoes of Orizata wed Tuloca ie Mexia, of the Inland of 
Vasaria, one of the Lipari Lales, and of gins in the geen Sea. 
«6 
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(@) p 287, — Jeaghohn, BA & S 309 and S14. ‘The ery stripes which 
were sven ou G. Merapl were formed by streams of glowing scoriar (" trafiites de 
feagmens"), Gacoenected masses, whieh being erapted sell down oa the sume 
‘side, and being of very eiSerent weights, overtake and strike mgainet each ether 
iu their rapid pasage down the abrupt descent. Te the eraptisn of G. Lames- 
gan, on the 26th of March 1847, such « streams divided isto two brancbesseme 
Lundred feet below its origin. Junghubn says expresily (Bd &. S767), thus 
the flery streaks consisted nct of true molten lava, bat of crowded fragments 
rolling down after each other. G. Lamongam and G. Semera (dhe first, S360, 
and the second, 12,235 feet high) are, among the volcanoes of Java, thane which, 
by their activity during long periods, most nearly resemble ‘Streenbeli, which 
scarcely 2960 feet high, The ejections of score vecurred in G. Lamenpes (it 
the eruptions of July 1838 and March 1847) after pmies of fifteen or twmty 
minutes ; and in G. Semera (is the eruptions of Augast 1896 anil |Septmher 
1844) alter pauses of from ono and half te three ours (Dd. AS G54 ant 
765—769.) In Strobel itself, besides sumerous eruptions of seorim theer 
are small and rare outpourings ef lara whieh, being detained by obstaclés, seme 
tienes beconne hardened on the slope of the cane. T attach great Impartance 
the different forms of continuity (as in lavas) or of disconnection (as i detacbel 
scorie) of tho wholly of balf fased materials which are gjected er peantll ox 
either from the same or from different volcanoes, Analogoas revosrehes, om 
ducted under the guidance of “leading ideus™ in varions roghana of the hike, 
are mach to be desired, in onder to remedy the partial views which alee tee 
the contemplation being Timited to the four Kuroptan petive wileamies, The 
qosation propared by myself in 1802, and by my friend Boassingwalt Ge TRI, 
mbether the Voleano Antisana, in the Conditler of Quite, had sent farth streans 
of lava, which will be further touched wpin, thay pechapw find ite wtetion fo 
pecollarities to which fluid lava strenmx are stibject. ‘Tie eavenitial eharseler 
of a stream of lara ia that of » uniform connected Seid, = band-like currest, 
from which, as it cools and solidifies, scales detach tbemialves at the aciet 
These scales, beneath which the almost homagencous lava long cantons 1 
flow, beeotne pushed up, either obliquely or vertically, ty the Inequality of the 
internal movement and by the Serelopment of hot gases ; and thay whe 
coveral lava streams lave flowed together into a kind of lava lake, ax in Teles, 
there is produced, after ccoling, w “field of fmgments.” ‘The Spaailands, oye 
cially in Mesico, call such spaces, which are very iscosvenient la Juss ore, 
“Malpais” Such fields of lava fragments, which are often met with ox tt 
Plain at the foot of a volcano, remind ny of a lake of which the frones saricr 
‘uns been broken up into blocks of ics. 
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() p 287—The name G. Idjen may, according to Buschmann, be de- 
ubred free the Javanese wont hidjen: single, aleoe ; Itself a derivative frow the 
substantive bidji or wid: a “grain,” or “seed,” which combined with aa 
expresses the number ane. On the etymology of Tengger, see my brother's 
compreberalss Notice, “Ueber die Verbindungen zwischen Java und Indien * 
(Kawi-Spracke, BA. 1. S. 188), where the historic Importance of the Tengger 
mountains is shows as being inhabited by a amall tribe who have retained their 
wocleut Lndowlavavese belie(, ia opposition to the Mahornetanian which now pre- 
‘wails generally over the faland. Junghohn, who is very diligent és explaining the 
soountain wames from the Kawi language, says (Th. ii, S, 664) that “ tengger” 
means Dill)" as ts also said in Gericke’s Javanese Dictlooary (Savaanach- 
Nodleniaitsch Woordenboek, Amst. 1847), Slamat, the name of the high vote 
ano of Tegal, is the known Arabic word selamat, which mesas good spect, 
pend soccess, hail, 

() p 287 —Junghobn, Ba. i. « Selamat, $159 ond 163 ; Tdjen, 8. 698 j 
‘Tengger, S, 773, 

(1) p 287-1. Jie 8. 760—762. 

(#) p 289.—Alas Gdographique ot Physique, accompanying the Rel, Hist, 
C1814) PL 28 ad 29, 

(1) po 289.—Kosmnos, Bd. iv. 5, 311 —313 (English edition, p 267-20), 

CY p290-—Kosmos, Ba. i. 8 216 and 444 (English edition, p 196 and 
Note 187), Be iv. & 226 (English edition, p. 177). 

(2) p. 291-—Ls my Essai Politique eur la Neavelle Expagne, in the two 
‘elitions of 1811 and 1827 (in the latter, ts i p 169—175), 1 gave, as the 
nature of the work required, only an abridged extract from my Journal, without the 
‘topographical plan or map of eleraticas, From the importance attecbed to sucts 
‘an ovont in the middle of the last century, I have thought it well to complete the 
extract for the present oconshn. I am indebted for additional particulars re- 
npecting the new Voleano of Jecullo to a0 official document (written only Lures 
-weeks after the day ef the first ersption), whick was first discovered in 1890 hy 
‘8 scientifically well-informed Mexioan ecclesiautsc, Don Joan Sont Pastor Moeaibs. 
‘Somme of my Laformation was derived (ram verbal commasticatioas made to t00 by 
sy companion Don Raman Espetie, who bad obtained the Infuermation Mnaelf 
ffrom surviving eye-mitoesses of the event. Moralte discovered ix the archives 
of the bishop of Michuacan u Report aldronsed by Joayela de Ansogersi, priest 
du the Indian village of In Gaacaza, to hie bop, dated 19 Ovt. 1782. Obere 
Dergrath Barkart, ia bis iestroctive work eathiled Anfeashalt unt Reisen a 
Mexico (1996), bas also gives a shert extract free lt (Bd i. 6 290), Ab the 
time of my joursey, Doo Ramon Espelde was living os the plala of Jurails, and 
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gitedo ef Jorullo an I do, 2° 25’ W. of Mexico (1019 29’ W. of Greenwich), difs 
fers from tne ts the Latitude. Ls bls lativede for Jorullo (18° 53° 90”), which 
comen very sear to that of Popocatepet! (18° 50° 47"), founded om Inter obser 
‘vathes with which In unacquainted ? It my Recueil Observations Astrono- 
mmiques, rol. ik p. 621, I have sail expressly, “Latitnde suppose, 19° 8", de. 
wivet from good star observations at Valladolid, which gare 19° 62° 8%, and 
ffroms the Inerary direction” 1 aly subsequently recognised the importance of 
tthe latitude of Jornllo when Iwas laying down the large Map of Mexico, anil 
cobering opom it the volcande chain which runs east and west. 

“As ln these considerations os the erigia of Jorutlo I have repeatediy alladedt 
to tradithenary stories still prevalent in the country, I will refer at the end of 
his Jong ‘oote to what is still a very popular tale, which was alluded te 
yy ise i anceber work (Basal Pol. sur la Nowy, Espagne, t. ii. 1827, p. 172): 
“Belen la erédalité dee indigines, ces changemens extroniinaires que noss 
‘venons de décrire sont Vowrrage des maiom..... An Playas de Joruito, 
damn le chaumiite que noas habitions, notre hte Indien nous mecenta quien 1769 
dea Capuins en mimion petchivent & I'hwbitation de San Potro, mils que, 
wlayant pas troaré es neeneil favorable, fls chargtrent cette plaine, aloes si delle 
‘et fertile, des iavprécations les plas horribles et les plus cempliqades ; fs pro- 
phétsteent que d'sbord Mabitation servit emgloutie par des famines qul sorti- 
roidat de Is terre, et que ples tand I'sir ambiant #e rofreldieult \ tet palut que 
Inn mentagnes roisines resteroient éternellement cowrertes de weige et do glace. 
La poetnitre de ces walddietions ayant en des suites of fanesten, le bas peujte 
ndien voit 26) dans Je refreidisument progressif du volcan le peéeage d'un 
iver perpétsel” 

‘The fink printed account of the catastrophe (next to the poetical one of Lan- 
itivar) waa ne denbt that already referred to in the Guseta de Mexico, de 6 oe 
Mayo 1789 (t. Wi, Num. 30, p 293—297). It had the modest beading : 
“Soperfielal y mada fucultativa Deseripeiom det exinto en qun se haliabe et 
‘Vodoan de Jorullo, Ia madana det dia 10 de Marzo de 1789 ;" wed was occa 
lethd by the expediticn of Riaiie, Frace Fischer, and Expelde Later, in 1791, 
‘the botanist Moclio aod Don Martin Sesse, freen the Nauthoe-Astrosctnieal Ba+ 
Prvition of Malesypine, visited Jerulle from the Pueitic coat, 

() p 205 —My darvmetrie tneamurements give: foe Mexlen, 7469 feet ¢ 
‘Valladotid, 407 feet; Patuemaro, T225 feet, Ario, 6053 feet; Aguaasreo, 
4988 foot ; wad foe tho eld plate of the Playas de Jurvlle, 2593 feet, (Hamil, 
‘Olwere, Astron. tol hp. 927; Nivelleimt berométriqee, No, 907—270.) 

(™) P 495—1 fad, tabicg the oli level of the Playnd at 406 toinen (2583 
fort) for the cociwenity of the Malpals, S114 feet; Gor the erat of the great 





Lawn stomcn, SST Gone; ther the higheat comps af the exater, 4365 fort ; and 
fer the bormt pact of che came whic ww momid eet ep the bineneter, 
UM font, We ths obtain tee the height of tier summit ef Serully abort 
th anetect plain 1683 bet 

() p20 Derkare, Actes cok Baie Ks Beale, te dhe dibs 
162s —1834, Ba. i (1496) 5. 237. 

() 296. — Dackart, Animthal, Se. Bd LS. 297 and Ba 

(@) p 296 —Pralect Scxope, Cunaidierations an Velennns, 267; Sir Chucks 
Lye, Pincipien of Geology, 1859, p 429; Mamaal of Geskeey, 1855, p. 540; 
Dastesy an Voleanos, p 337. Compare alan, ex the “eleration Ieypithea” 
Dana, Geology, la the Acceast of the United States Expleriog Expedite, wl. 
fp 260 ; and Constant Prevest, in the Comptes Henlna, t, xii (1855), p. 8te— 
876 ned 918-923, sur lee deuptions, Se. Compare ales, om the subject of Je 
allo, Carl Pieschel's instrnetive deseription of the volcanoes of Mexlca, with 
chocldations by De, Gumprecht, f= the Zeiteebrift fr Allg. Eniicunie of the 
Grogrphleal Sockety of Berlin, Bl. vL S.490—517 5 and the recently pts 
inked picturesque views in Pieachels Atha der Vilkane der Republile 2ealen 
186, Tab, 43, 14, end 15. The Royal Maseam at Berlin pokemons bs the ds 
partinent of copperplate exgravings and drawings m very fine eed sumeres 
collection of views of Mexican rokances (more than forty sheets), taken fon 
nature by Morita Ragentas. Of coe volcano caly, thatof Colima, the western 
‘mont of the Mexican volcanoes, this great master has given fifteen: cotomred views 

(%) p30. Neos avons éé, DL Bonpland et mol, éumnés surtont & 
trouver, eochaseds dace Jes Lares tasaltiques, lithotdes et seorifides ibe Valea de 
Jorullo, des fragroens anguleux blancs ca Nance-reniitees de ayéihite, comments 
de yeu d'amphitolo et de tesnovup de feldepath lamelleax. LA obi ces masses 
cot (td erwrmaades par be chaleur, bo feldapath eat Geren Glandreus, de sorte que 
lee bonds do ta fonte sont réanis dans quelqes endrvits par des fibres allongéer 
de la masse. Dans les Cordillires de Amérique du Sad, entre Popayss xt Ale 
maguer, au pied da Cerro Bronco, Jai trouvé de vériinbles fragment e 
gneiss enchaseés dans un trachyte aboudant en proses. Ges jidsomiow 
peouvent que les formations trachytiques sont sorties am~desseus de ta erottie 
ranitique du globe, Des phénoendnes analogues prisentent Ios trachyten ds 
Siebengebirge sur les bords da Rbin ot Jes couches inférletres di plecithe 
(Porphyr Schiefer) du Biliner-Stein en Bohéine.” (Humboldt, Basal geno 
tique sur le Gieement des Roches, 1823, p 183 and 389.) Burkart (Anfest= 

lund Reisen in Mexico, Bd. i S290) recognised sleo, inibextied ix the Mack 

oliviniferous lava of Jorullo, “ blocks of an altered syenite : Sornieede ts oaly 
peldom distinctly recognisable, ‘The blocks of syenlte weuld seem to ollie irre 
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feagable proet of the site of the Gery hoarth of the volcano of Jorullo having beet 
in or below the syenite, which shows itself at tho surface for some considerable 
‘extent, a few Jeygues to the southward, on the left tank of the Bio de las 
Bales which flows into the Pacific.” In Lipari, near Cancto, Dolomien, and, 
in 1899, the excellent geognost Friedrich Hoffinann even found in hard mames of 
obsidian enclosed fragments of granite formed ont of pale-red feldspar, blseke 
‘tnica, and a little lightegray quarts. (Poggendorf"s Anoalen der Physik, Bd. 
zxvin & 40.) 

(") pp 502.—Strabo, Sib, xiii, p. 979 and 628 ; Hamilton, Researches in 
Asin Minor, vol. ii. chap. 39. The westernmost of the three cones, now called 
Kara Dovlit, is 590 feet above the plain, and has poured out « great stream of 
Java towards Kovla, Hamilten counted above thirty small cones in the neigh- 
‘bourhood, ‘The three orifices or abyxses (868pe1 and pia: of Strabo) aro cra 
‘ters on conical mounts composed of ecorie and lavas. 

(*) p 902.—Erman, Reise um die Ende, Ba, iff, $538 ; Kosmos, Bd. ir. 
Aum, 25 (English edition, Note 949), Postels (Voyage autour du Monde, par 
Je Cap. Lutké, Partio Hist. t. tii p. 76) and Leopold von Buch (Description 
‘plrynique deo Hes Canaries, p. 448) speak of the resemblance to the Heruitas of 
Jorullx ewan, in a wanweript which he kindly commupleated to me, dee 
weribes @ great number of truncated cones of scorim in the enormous lava field 
‘east of the Baidar mountains in tho peninsula of Kamtachatia, 

(*) p 904.—Porcio, Opern omnia, Med., Phil, ot Mathem,, in nam ele 
‘Wwota, 1796 5 according to Dufrinoy, Mémoires pour servir h une Description 
céligiqne Ue la France, ti. 274, In the Otb editien of Sir Charles Lyeits 
Principles of Geology, 1859, p. 360, wll genetic questicas are treated with grest 
fulloass and praiseworthy impartiality, So long ago 48 1749, Bougner (Figure 
Mle In Terre, 1749, pu Invi.) was pot arerso free the ides of the weleapo of Wie 
’ehincha having bees upbeaved : “11 weut pas impossible que te rocher, qui ext 
Yer ot rir, ale ed wombensé par Tection du fea noutermain™ Compare who 
pad 

(*) p 904 —Zritechrift file allgemeiee Exikunde, Bd, iv. 998, 

() p.904— Fee the tnece cbrtais determization of the minerals composing 
‘the Meaican voleasors, elder and ore recent collections made by myself and by 
Pewee! have bees compared. 

(*) 1 905.—The fine marble of ta Puebla comes from the quarries of 
‘Fecal, Totemebuacan, sad Portaclreeio, sath of the high trachytio moantaln 
el Pisarro: also near the terrace-pyramid of Chetula, on the roed to la Puchle, 
‘Shave seen limestone crop out. 

(°") P 906,— The Cofre de Pérote, to the south-east of the Foerte or Castille 
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de Pérete, near the eastern declirity of the grest plitess of Mexico, stands al 
‘mast aloo, but pet its great mam beloogs te am important Eee of Seights which, 
Sorming the margin of the declivity, extends frm Cras Blancs aml Bio Fro 
towards Ine Vigna (W. lat. 19° 7’ 37"), pasting the Cofre de Pérote (3. lst, 
19° 20', W. long. 97° 08°), weet of Xicochionsles and Achilchotla, to the Peak 
cf Orianba (M. Int. 19° 2%, W. Jong. 97714). in @ month and sumth dlrvetion 
parallel to tbe chain (Popoosteped-Estaccihuatl) which divides the valley of the 
‘Mexican lakes frocs Ube plain of la Porbla (Fee the bases of these determin, 
tions, see ny Recueil dObserr. Astros, vol. ii. p 529—S533, and S47, a2 well 
my Analyse de FAtien dn Mexique, and Kasai Pol. ear ln Noor. Espagne, tL. 
S560.) As the Cofre bas bees elevated so as to rise abcupthy ins price 
covered space many mile in breadth, it appeared to me exomdingly interesting 
that when I ascended the Sowatain in the winter, co the Tuk Feb, 1806, cn the 
rumnit the thermometer sank to 25%; the comeing of pomion of which I 
‘tmeasured the beight and thicksew berametrically at several points, bath is 
ascending and descending, was Sound by soe to rise above 750 feet, The lower 
limit of tbe pumniee i= the plain between Pérote aad Rio Frio is 7590 feet shore 
‘the level of the ea, the upper limit ea the sortbers deckivity, S370. feet ant 
from thence thewagh the Pisaiuast, the Alta de jas Caxanes (12,495 feet high), 
where I was able to determize the latitode by the sun's meridian altitede, to tbe 
surat Self, there as po trace of pamice to be seen, When the mountale 
‘wus clevated it must have carried with it a portion of the pumice-covering 
the great Arenal, oo whieh it had perhaps been made m amecth fist surface by 
water. When on the apot, in February 1804, I made a drawing of this pumice 
‘covered rene ke my joammal It is the same important phanomense aa that de 
weribed in 1834 by Vou Bach at Vesurins, where horizontal steata of pursce- 
tufa hare beea carried up to a greater beight (1900 er 2000 feet), abyet ihe 
Hermitage del Salvatore. (Poggeadeci's Ammalen, Ba, xxxvil, S. 175—17)) 
‘Tho surface of the diceitic-trachyte rock at the Cofre was not conceal fren 
obeerration by snow at the part where I found the pumice highest op oa tt 
seantain, In Mexico, in Iat. 19° and 19), the limit of perpetual snow is oo 
sa average about 14,760 feet high ; and the summit ef the sepuutain, at the 
foot of the small house-like cubical reck where I set up the instruments, 
13,416 feet above the cen. By measurement of angles the cubs of reek ia 134 
feet high, making the absolute summit, which could sot be rencbed oa accuest 
of this Inst vertical precipice, 13,550 feet. fund only some patches of apes 
ically fallen snow, of which the lower limit was 12,150 feet above the wes, fally 
700 or 800 feet below the opper limit of forest trees, being Bae tere of Piast 
eccideczalis Interspersed with Cupressus sabinsides aod Arbutus madredo, Tht 
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oak Quercus xalapensis his cnly sccompaniel us to 10,389 feet of absolute 
Hinight, (Humboldt, Nivellement baromdte. des Condilitres, No 414429.) 
‘The name Nauhcampatepet!, which the mountain bears in the Mexican langnage, 
fix taken from the sume peculiarity of shape which led the Spaniards to give it 
the name of Cofre. Naubcampa, formed from naliai, the nuinter four, no doult 
tmoara four-eided, or quadrangular. Pieechel conjectures the existence of an an- 
eient crater-orifice ea the eastern dectivity of the Cofte of Pécote. (Zeiteetir. 
fiir ally, Enikunde, herausg. von Gumpreeht, Bd, ¥. 8.295.) ‘The view of tho 
‘Cotte In my Voes des Cordilitres, PL. XXXIV, was taken by me fron near the 
‘Cantle See Carlos do Pérote, abvnt eight miles distant. The old Aztec name 
of Périte was Peashuisapan, signifying, according to Buschmamn, x kind of chafer 
Pitiabuissti (reganied aa ill-cenened and employed in seperstitions augery ; com- 
pare Sahigun, Historia gen. de las Cons de Noova Kopala, ti 1829, p. 
‘10—11), # name derived from pinatus, “to be ashamed," From the same 
‘verb comes the above-mentioned name of a district, Piashusst (pinahuastli), as 
well as the mame ef a shrub (7a Mimoes), pinahuihuietli, translated ty Here 
andes berba rerecunda, the leaves of wbiok drosp ca being teached. 

CM) p 908. —Strabe, Bb, i p99, Jib vis p. 200, Casa » Kowmnos, Bad. L. 
S451 (English editive, Note 225), and BA. iv, S. 270, and, on the Greek many 
for lows, Aum, 82 (Eagliah edition, Note 306). 

(*) p. 208.—Ksinon, Bd. iv. & 910 and Anm, 69 (English editions, Mote 
992). 

(1) py. 308—La Condimize ways: “Je nial point comma ta matliew do ta 
ave en Amérique, quoique nous ayons, M. Bouguer et mci, camps des permalnes 
wt des mols entiors sur les volcans, et nammément sur ceax de Pichincha, de 
Cotopasl et de Chimboraso, Ja n'ai vu eur ces montngnes que des vestiges de 
calcination sans liquéfaction, Crpeadant Feeptee de ergutal oirltre appelé vul- 
galrement an Pérou Piedra de Gallennso (cbsidieane), dent Sal rappeeté plu- 
‘eure marceaux ot dont on voit une leatille potio de wept h bit pooces de dia 
pedére on Calézet du Jardin da Roi, niest autre chose quian vere formd par ies 
‘yolcans, La matlive du torrent de fea qui découl: continullement de celul ge 
‘Sangal dace la province de Macas, an snd-eat do Quite, est sans deute une lave y 
mila nos wavens vu cette montagne que de kin, ot Je n'étols ples & Quito dam 
Te teenze den demitees éruptions du volean de Cotopaxi, lorsque sur tes flancs Li 
‘Sourelt des esphers de pouplexex, d'eh Tea wit sortie A Bots des matiires enflan- 
imdes et liquidee qui deveiem ttre une satere sembladle & ts lave du Véente.” 
(Las Coadlunine, Joamual de Voyage ex Itate, in the Mémolees de VAcatdate 
‘Bea Schetots, Azede 1757, SST ; Histoire, p. 12.) ‘These two. examples, ea 
(pecially the first, are not hayplly ches. Sungay way fest scieutidcally exe 
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‘cowbd be inferred. Nothing has ever been ejected from these craters but masses 
of mad, clastic fluids, and glowing, more or Jean soorified, blocks of trachyte 
which are often thrown to cousiderable distances." (Humboldt, Kleinere 
Schriften, Bd, i. §, 200.) On the first origin of the opinion of the upheaval of 
‘sceummulations of rolid masses, oe0 Accata in the Viajes d loa Andes ecnatoriales, 
por M. Boossingnnlt, 1849, p. 222 and 223. In the opinion of this celebrated 
teaveller, the movements caused among these fragments by earthquake sboeks 
ated other causes, and the gradual filling up the intervala between them must 
coasiva a gradual lowering of the heights of the mountains, 

() p 916—Hrmboldt, Asie Centrale, t. il p. 296-301. (Gustav Rose, 
‘Miseral.geognastische Reise nach dem Ural, dem Altai und dem Kasp, Meera, 
Bah & 599.) Long narrow walls or dykes of granite may have bows rniised 
Mp over fissures in the earliest foldings of the earth's crust, aralogens to Uboeo 
remarkable ones which remain still open, whiel are fownd at the fect of the vol 
‘exzo of Pichincha ; the “Guaycos” of the city af Quits, thirty oe farty fet 
evel. (See my Kl, Schr, Bd &. S24.) 

0%) p. 316-— La Condaming, Mesure des trois premiers degrés da. Méridien 
Gana THiGnisphbro Austral, 1751, p. 56. 

4) p. 917.—Neither Pessuichoa, nor Ataceno, between which the Haclende 
el Tambillo intervenes, enters the limits o€ porpetaal ssow, ‘The high margin 
of the crater, le Peila, hae fallen in as the western sido, bat shows itself on the 
eastera a4 an amphithentre, It is mid in the country that, sear the end of the 
sixteenth century, Paesuchon which had been previously sctive ceased to be #0 
om the occasion of ai ereption ef Pichincha, aed that the onaation has bees 
absolute and perpetual : confirming the existcoce of inter-communication be- 
tween the opposite Eastern and Western Curdilleras, The propee basis ef Quito, 
elesed ia ms by walls, towands the north by a mountaia-knot between Cetocach) 
sed Imbaburo, towands the scuth by the Altos de Chisincbe (between 0 207 Ni, 
aad 0? 40! S. lat), is for the greater part of ite length divided lo two. by the 
ridge of Hchimbio and Poingasi, To the east is the valley of Puembo and 
Chitlo, and to the west the plain of Liiaquito and Turubeanta. Proceeding from 
north te oath we have anccessively, ia the Eastern Condillers—Imbaburo, th 
‘Yehiss de Guamasi, apt Astisana, Sinchulabua, and the perpendicular black 
‘wall, crowned with tower-Like elevations, of Ramiiiaul (vtone#ye) ; and, in the 
‘Western Ceedillera—Cotecachi, Casitagna, Pichincha, Atacaze, at Corazon, on 
the slopes of which the maguidceat Alpine flower, the red Ranunculus Gustnani, 
Gourisbes. 11 has seemual to me euitable to give becw, from persimal etucrva~ 
thoas, w beief description of this important and classic grou for yoleanle goo. 
deny ie te 
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(%) p 31%—It Is particularly striking that the great veleane Cotepal 
which (for the most part indeed only after long intervals of repase) manitests 
enermoun activity, expecially by the devastating Inundatioms which it cases, yet 
In the intervals between these ontborsts shows so visible smoke ce waponr, a 
teen cither from the Parneno de Pansacke oe from the bigh plaia of Lactaguspe. 
(Coeegarison with other equally lofty voleances shows that this absence Is ot ts 
te explained (rom the rarity of the air asd of the vapour at the great elevation 
of 19,000 feot. None of the other Neralos in the equstorial Condilierss axe 80 
often seen in elondless grandeur and beanty ax the trupeated come wl Cetepusi, 
‘Le the purtion which rises above perpetual snow. Its enisterrapted repelusity 
of feem much exceeds that of the Peak of Teneriffe, in which marrow projecting 
will-like ridge of obsidian runs dows from the coma, The upper portion of 
Tungurahas may have been once almost as distingsiebed hy regularity of ferm x2 
Cotopax, but it Is now greatly disfigured by the effects of the grest easthynske 
ef the 4th February 1797, called the catastrophe of Ricbaznba, by which & ee 
erernssed ; parts fell in, others glided down, carrying with them the forests which 
clothed them, and large accumnlations of debris were formed. Ox Cotopasl, a 
Bouguer had already remarked, there are points at which pamice and snow are 
intertningled, and almost form one solid mass. A Ettle aneversest i the snowy 
mantle can be Giscorered on the north-west side, wheew two cleft-Hike valleys ret 
down, One does net see from a distance anything of black rocky sidgns resuicg 
vp towards the summit, although, in the ersptiurs cf the 24th Jane and Seb De 
cember 1742, & lateral opening showed itself balf-way up the snow-covered ci 
of cinders “Il s'éeolt onvert une nouvelle bouche fers be milies de Ia partie 
continneliement neigée, pendant que la flamire seetott tonjeuica par le hast ducine 
tronqué. (Bougner, in Figure de la Terre, jv Ixeilt. Compare alse'La Cunds- 
mine, Journ, du Voy. a TEquateur, p 159.) 11 is cnly quite mearto the saa 
imit that one poreeives somo horizratal, parallel, bot interrupted biacke stemks 
Looked at throagh the telescope wader diffrrest iocidemens of light they appest 
to me to be ridges of rock. This whole upper part is steeper than the rest of 
the mountain, and forms, atnost clove to the trunsatisn of the come, # wall 
like anmmlar ridge of mnequad height, not, boweree, visible tothe muked eye by 
reason of the great distance, My description of this highest, almost parpendi. 
cular, encivcliog ridge atrengly drew the attention of two @istinguinhal gale 
sista, Darwin (Veleanic Tnlands, 1844, p. 83) and Dana (Geology ef the TS 
Explor, Expod., 1849, p. 356). ‘The valkanses of the Galspages ialands, 
‘Diana's Peak in St. Helena, and Teneriffe, chow analogous expformations The 
highest point of Cotopaxi, of which I measured the elewation by angles fi in a 
incl convexity. Perhaps it is the inner wall cf a bigher amd amie distact 
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erater margin: ¢¢ is tho snowleseness of the projecting rock occasioned both by 
“pteepowes nod by erater warmth? On one night, in the autumn of 1800, the 
- sehole npper part of the cone appeared Iaminous, without this being followed by 

trnpton or even by any visible emnissinn of vapour, On the otber hand, at 
- the violest eruption, 4 Jan. 1803, when I was ttaying on the shores of the 
| Pacific and saw tho windows shake in the pert of Goayaquil from the vibration 
“pansed by the thundering naise of the volesno 148 geographical miles distant, 
“that come eatirely lost its snowy covering and wore a threatening sayect. Had 
‘wuth an effect boen observed on any previous cccasion? Very recently we have 
“fearnt fren the lady who has wandered round the world with such admirable 
- hirwvery, Madane Ida Pfeiffer (Meine zweite Weltreine, Bd. til, & 170), that in 
“the carly part of April 1854 an outburst took place in which Cetopaxi exitted 

“thick columas of smoke * through which darted serfentine flunes of fire." 
“May the flaines have been the lightnings ef a voleanic tempest excited) by er- 
“poration? Eruptions bare been frequent since 1851, 

The great regularity of the snow-covered truncated cone iteelf renders still 
‘mune striking the appearance, at the lower limit of the region of perpetual rnc, 
“where the conical form begins, of « small grotesquely jagged mass of rock, hav 
‘Hog: three or four points. Probably by reason of its steepoess, the sniw les oa 
ftouly here and thore in patebes. A glance at my drawing (Atlas plttoresque 
“iu Voynge, Pl. X.) shows tlveso relations meee elearly. T appeeached this dark 
etay, probably basaltic, mass of rock most nearly in the Quebrada ant Reventa- 
wou de Minas, Although for centuries this remarkable-looking mass has borne, 
thronghout the province, the name of Cebeza del Ings, yet among the ecloared 
inhabitants (the fodlans) two very different hypotheses concerning its origin 
Jeorall; one simply asserts that this rock Is the pointed top of the voleano which 
thas fallen off, without assigning any time fee the supposed event, which the 
other hypothesis places in the year (1633) in which the Ines Atabuallpa wae 
strangled; thas connecting it both with the terrible Bery eruptions ef Cobopaxt 
which onaned i the mane year, and have been described by Herrern, and ule 
with the cencalar predictions ef Huayna Capac, Atahnalipa’s father, en the ap- 
proachiing fall of the Peruvian empire. It may be asked whether the ove thing: 
common t these two bypotheen, the eepperition that the “Cabrea 41 Inga’ 
wmnce farmed the summit of the ecoe, may net Indicate an obscure remeribeance 
‘of s real event, which might be thas preserved, theagh without any appeebenabas 
‘of geological ideas. T altogether dubs the ccertetzess of this view, The bea 
ofa truncated cone baring “lost its tep,” and of this top having been throws (0 
ae distance unbevken, just ax large mars of rock are seen to te Drerled afer in 
fecent eraptions, i one which presents iteelf net ammaturally to eren very un> 





xx NOTES. 


elocated minds The terraced pyramid of Chatals, az artificial eowtion of the 
‘Tedtem, is trascated: the natives, fram the ipremion that it sant bare tens 
ociginally a ccenplete pyramid, have imagioel the fable thet Bs tep was detreynl 
ly a stoce which fell on it (rum heaven, and even assert that Gapmects of this 
aacuite were shown to the Spanish Congulstadores How would it be pomilis tr 
Place the ext eruption of Cotogaxi at a time when the cone of cinders (ibe 
resalt of series of erptions) is admitted, io the stery itself, te here tees 
slready existing ? It seers to me probable that the Cabess del Ings aag- 
nated at the spot where is sow is; Ske Yans-Uses at the foot of Chimberay 
and — on Colopaxi itself —the * Mors,” south of Semigesica, ani cet 
‘went of the little lake Yurub-cocks (bite lake iz the Qyeckbus lengmage). 

Respecting the came of Cotegazi, I here said, ie the Sct vilame of oy 
Kieinere Schriftes (S. 403), that it is only the Gest part of the wank which oct 
be interpeeted in the Qynechhus Langeage, is which * cuetto™ sense *Ibeep” 
bet that “paca * is quite unknown, La Coplamine (p 53) ixterpeets the on- 
tre name of the meantain, aaying: “le nom signitie en lunges des Tncas exe 
trillante” Besehmann, however, remarks that this requires the anbetitation 
for pucoi of paces (which is certainly not the mune word), meaning leightoes, 
shining, especially the soft brightness of the mocakine; but, in onder to exjree 
the idea of a“ shining mass,” the genins of the langnage would farther require 
the order ef the two werds te be rerecsod, “ pacsucutta,” 

() p919.—Frinkich Hofmann, in Poggendorts Amalen, BA xxi 
1852, 5 48. 

() p 920. — Bonguer, Figure de ta Teer, p. Ixviii. How often, wince the 
earthquake of 19th Joly 1696, bas tbe litthe town of Lactagungs bees dastrorel, 
and rebuilt ost of blocks of pomioestooe from the subterranean quarries of 
Zawhation! Accenting to the historic eocuments, consisting of copies of cht 
cons which bad thus perished, and of some mece recently saved, im partial nescsen, 
from the town archives, it appears that sack destroctions took place in 3703, 
1736, Ob Dee. 1742, 30th Nor. 1744, 22nd Feb 1757, 10th Feb. 1766, anh 
41h April 1768; seven tlies fo sixty-five years! I 1602, Estill fonad far 
fifths of the town in ring, the reeatt of the grest earthqualke of Risbambs, 4b 
Feb, 1797, 

() p 821, — This diversity was also already recogelsed by the sagacioas 
Abich (Ueber Nater und Zasacanenbasg vulkasischer Bidexgen, 1841, 8.9), 

a ‘#991, — The rock of Cotopasi bas essentially the same minerslegual 

as the voleanons whicl are nearest to it, Antieana and Temgurakes, 
wi ri 2 trachyte composed of oligcclase sed angite, therefore a “ Chimbors 
2” a proof of identity of the volcanic rock in the Conlilleras oppslte 19 
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‘ench other. In the pieces collected by me in 1802, and by Boussingsult: bo 
‘WSS1, the mass is partly light ce greenish grey, shining like pitchstene, and 
teunalucent at the efges; and partly black, almost ike basalt, with great and 
euuil pores with abining sidex ‘The oligoelase sharply defined Is embedded 
Jin the mass; sppearing sometimes very distinctly in shining crystals forming 
streak in the planes of cleavage, and sometimes being very minute, and diffieult 
to recognise, ‘Tho interspersed mugites, which belong exentially to the rock, 
sare brownish and Mackish green, and of very various size, Dark laming of 
smiles, and black gralus o€ tnagnetic iron of » metallic lustre, ocear, but caly 
rarely, amd probably accidentally. 1n the pores of a pleco Iu which abere te 
wach oligvelase there te seene native sulphar, probably deposited from the all 
Pervading selphureus vapours, 

() p 922.—* Le Velean do Mayyo (lat. auate, 34° 15°), qi we jarnale 
rejetd de ponces, ext encore dloigns de deux Jeuruées do le colline de Tello, de 
300 pieds do hasteur, ot toute composée de ponces qui renforinent du teltapath 
viterux, des cristaax beuns de mica, et de petits fragmons d'steidiense, C'est 
dows wno éeuptica (indépendante), isolGe tout wu pied des Andes et pris de te 
plaing.” (Léep, de Boch, Description phyxique des Tes Cataries, 1836, p. 470.) 

(0) p. 922. — Federico de Gervll, Cartas geognosticar de los. principales 
‘Distritiw minerates de Mexico, 1837, p. 6. 

(0) p. 323. — Compare On the Solidification and Formation of the Exeth's 
Crust, Kens, Bd. . 5 178—180, and Anm. 7 co & 425 (English edition, 
161163, and Note 137. The experiments of Bischof, Charles Deville, and 
Debewo have thrown anew light on the folding and erevassing of the earth's 
ernst, Compare also the ingenions comsldemtions of Babbage on the eecasioa of 
ula thermnle expianntion c€ the problem presented by the temple of Seeapis, om 
the oorth of Puzaucll, in the Quarterly Journal of the Geological Society af 
‘Lomilon, vok tii, 1847, p 186, Charles Deville, Sar te Dimination de Densité 
dans lee Roches eo pasant do l'Etat cristallin & Etat vitreas, in the Comptes 
Tandus de TAcad, des Sciences, t. xx. 1845, p. 1453, Delesse, Sur bee Eifets de 
fa Fusion, t, xxv 1847, ps 6455 Louie Frupolli, Sur Je Carnctire géotogiqney in 
the Bulletin de ba’ Soo. Geol, de France, 2° afcio, t. fy. 1847, p, G27; and ator 
all, Elia de Beantoont, im bis important work, Notice sur les Systtenes de 
Montagnew, 1852, L lll, ‘The following tires soctions deserve especial attention 
from gwologiete; * Censhiéentions sur los aeulirements dts A wee diminutlos 
Lente wt progremive du roleme de Ja Terre, p 1930; Sar [crescent trate 
rersal, nommnd refouleneal par Saussire, comma win dew ewares do Y'dkirntloes 
den cluloes de mantagues, p. 1917, 1935, wad 1346; Sar la contraction que 
Ino roches fooducs dproavent cu eristallioant, tendant dbs le commencement dis 
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renidissement do globe b rencdve os masse interne plus petine que ts copacbi 
de son caveloppe extérieare, p. 1235, 

(%) p. 324 —* Les eaux chanden de Saragyn, ta hitrur de 2260 yaks, 
sort renanquables par le rile que fous le gaz ackde carbembyue qui Jee trum | 
Vépoque des treaiblements do terre. Le gus b cette ¢paque, comme Cytoegise 
cearbeod de le prenge'tle cApcbécom, angmwate de weiuine, ot w'échentie erat 
pendant les tremblemants de terre dace la plaine d'ArdQél Daze be prmqel 
d'Apehéron la teanperatare s'flove do 20P jusqu’h Vinthernation spentente 
moment et h Mendrott dune éreytion ignde, prnoostiqaée tenJours pur dee toe 
Mecnetes do terre dass bos provinces de Chérnakhi at d'Azehéews” (Abi, ft 
the Mélanges physiques et chimiques, t ii, 1850, p. 964 and 365) (Comper 
Kosmas, Bd. iv. & 229; English edition, p75.) 

(*) p.324— W. Hopkins, Rreearehes en Physlowl Geology, ta the PR. 
Trams for 1859, Pt. TL pe S10; for 3840, Lp 10Sy and for 1842, PLL 
fp 43; and also On the reuisite Cantitivns of Stability of the wxterlar Suite 
of the Earth, in the Theory of Veleauoes in the Report of the Seventeenth Ser 
ng of the British Association, 1847, p 45—49, 

(*) p 324. — Kounes, Bd fr. S 3538, Am. S5—6 (Engh oll 
tics, Notes 33-36); Nauman, Geognoi, Bi i S 66—76; Biehl, 
Wirneiehee, S 382; Lyell, Principles af Geology, 1853, p S96 to 847, ant 
S62. Is the very teatrective and pleasant work, Soavenirs den Nerursiatr, 
par A. de Qaatrefages, 1854, ii p 464, the upper Mult ef the Gell owiien 
strata is brought up to the small depth of 20 kioasitees: * paieque ta plapart 
es silicates feadent déja & 666? cen.” Guster Bose remarks that * this ler 
‘ethmate is based on an errur, The temperature of 190¢° cent, whieh Minsebers 
Beh gives ns the melting point of granite (Kesmos, Bd b S48; Kings edition, 
p27, and Note 13), is certaluly the leat that ean tbe takes. I have seer! 
‘Yimnes had granite pat into the bottest parte of the porevlain farmer, dad & be 
always been but impeeteotly fused, Ocily ths mnion is fused, with the felope 
forming s ginss with many bubbles; the quarte bicomes opeyen, but dew at 
fuse, Ts is the encne with all kinds of rock whieh contain quarts, ani, Uncle, 
this may be red as a test foe discovering quarts fe rocks fim which It wxlits be 
‘quatisies so wmmall ax net to be discernible by the wake eye, ex. ge, i the 
Flanen syenite and in the diorite which we browgiet back with es ty 1820/0 
Alspajewsk in the Uml. All rocks which do mot contain any quarts, 0 sey 
minerals containing as topeb allien ax does granite (foe example basalt), when 
‘exposed to the same heat 4s porcelain, fase more easily than igraniine inte a pe 
fect glam; bat they do not do this overs spirit lamp with double warewt 
air, which yet is certainly cayuble of adding = tempersture of 6° cnet” Te 
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Bischel'y remarkable experiments in casting a ball of basalt, that subseance 
ayperel, acoonling to some hypothetical asmmptions, to require « tenperatere 
#4165° Réwnmue digher than the melting paiet of copper, (Warmelehire dew 
Tawern unser Eedkiiepees, 8, 473.) 

() p 826.— Keames, Bd. iv. 6. 218 (English editicn, pr 100), Come 
Pare also, revpeetiog the uneynal extensica and depth of the iey soll, apart from 
Vatitods, the remarkable observations of Franklin, Erman, Kupfer, and, above 
all, Middendorit Komocr, Bd, iv. 6 43, 47, and 107 (Begliah edition, p, 
42—48, anal Neto 46). 

(™) p 326. — Ledbnita, in the Protopea, § 4. 

(0) 827. — On Virarals and Velay, soo the most recent apd very exact 
sroenreben of Gisari, in his “ Geologlachen Wanderunpen,” Ba. |. (1856) 5.161, 
173, mol 214 The ancient volesnoes of Olot were disoorered by the American 
grobagiot Machire in 1808, visited by Lyell in 1890, ard weld Geseribed and. ty 
premented by him in his Manual of Geology, 1855, p. 636 —644. 

(*) p 328. — Sir Rod, Mercbison, Siluris, p 20 00d 45—58 (Lyell, Mae 
anual, p. 563), 

(1) p 523, — Seoreaby, Account of the Arctic Regions, vol. k p. 165—168, 
Tab. V. and VIL 

(9. p 829, — Léop, ven Bacd, Descr, des Hew Canaries, ps 257269) ad 
Laanlgrebe, Natargesshiehte der Valkane, 1855, Dd. i S 121-296; and om 
the eveireling ridges of the elevathon-ceaters Cealdeimns) in the lalanle of Sam 
Miguel, Fayal, ant Terceirn, (acconling to. the charts of Vidal), set Kenran, 
BA. iv, Aum, 84 28.971 (Keglish edition, Note 306). ‘The eruptions ef 
Baya (1672) and 5. Jorge (1580 ant 1808) eppear to depend o9 the geld 
soigal rolowm, that of Pion, 

1) py 820. — Koneos, BA iv, S 291 (Aum. 27) aml 301 (English edition, 
257). 

(7) 320. —Bewsida of Observations on Madeira, by Sir Chacles Lyell ant 
Hartung, in the Manual of Geulogy, 1868, p. 515—525, 

(°) 890, — Darwin, Volcanic Lalands, 1844, p 235 and Lient. Les, 
Cruise of the US. Beig Delphis, 1854, p. 80. 

Cp. 390. —Seo the excetiont deseription of Ascension by Darwin, Veleanle 
Islands, p 40 and 4. 

() 1.990, — Darwin, p. 84 and 92, om " the great hollow space oe valley 
eouthwant of the central curved ridge, across which the half of the crater sust 
once have extended, It is interesting to trace the ateps, by which the structure 
of wm roloanie district tecomes clwenired, ani Bnally sbliteratel. (Camysre also 
wale, Geognony of the laland of St, Helena, p. 25.) 
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CM a LS Pah Deke Se Dew, 5 Ss el 8s, 

(CT) p Sl — Damey, See Pecks prtel dis Veos eek 
dees TAcecigae, 2 the Congas mets de Peed du Scares, Uri 1535, 
B TED, Dewan, Vedeame Leh, p92; Len, Cont af the U.S. Brig Delphic, 
Piha a 

(OU) p SE — Game, Die ratbenieche That anf deo Feuhae 
ee Sak be Aca, med anf See Rees dee nates Marowe, 1549, 5.1K 

(CM pe — Ree, BL iS 48k, Ae T (Eg elcieey, Nee B07). 
(Om she Seaity of plrcemema, me Ser as Koews te te is Altica, wre Landi, 
Sxcwqechab de Vaio, BLL S 15-218. 

(M) pp R46 — The Legh of Demearend aber the oes is gives by Aint 
T4685 Set; teat alter commuting o Lerenetsc seen which geutebly meted 
ae acide ecical eee (Asie Cents. tS p 387), 2 comme, mccerting te 
emasats Tain, to Sally ISM Set A Mt enter eight, S0,085 bint, 
Sms by She dowlties ery tracwarthy angie of abtode of my fiend Cops 
Leno of the Bumesas Emperial Nery in 1539; bot the distance dees not ret 
fo wigmmmetnis besa, bat ealy oe the ancamption that the Valcane uf Deenamest 
ie 66 verse (1063 vets = oc eymaterial degree) frum Teles ht app, 
secneding te this, that he Permian ever spew-clad Vokaas of Demerenl, stated 
sey sear (he sectors aburw of the Caspian, an 600 geographical mies fran te 
Coichins sere of the Bisck Sea, eacends the great Aramat by 2984 (er cheat 
3000 fit), and Ue Coscaies Eorss by perhaps 1600 feet, On the Volant 
of Decareni, we Bitter, Entbole vos Asien, Bi ri Abeh i 5. 531-871) 
nnd om the connection of thee same Atbord, fom tke smythbieal anil wage Zeal 
ergrapiry, wih the muders Does (Keb ABars of Kaswini) and Eberey, 
S 45, 49, 424, 552, aod 555. 

DB 90s Caldas 
Aa G1, Exglink obitieny Note 285), 

=) 7.300. — Hares Raha, uals SSS 
from Struve. Asie Centr. t fi. p57. The beight given in the test for the 
extiet Velcano of Saralan, west of Ardebil, 15,760 Engliah fest, pets oo 
mewernnent by Chanykew, See Abich, in the Méanges phys et chim &£& 
361, Is oxder to avobd wearisome repetition as to the sourves which I het 
draws from, I will state here that all which in the geclogical saetian wf she 
Kormos relates to the important Cuocasian isthmus is taken fae wridiegs of 
Abich, commanicated to me in masascript by him, “1855, with the mot 
eorvas and kind permission to make the freest war of (beam : 

(*) B 310. — Abich, Notice explicative Pune Vue de Area, Ge she Bal- 
otis de la Soo. dx Géograghiin de France, 4¢ aris, tp SIG 
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(™*) 349, — Crnpare Dana's ingenious remarks “On the Curvatures of 
Teanges of Islands, whose Convesity, in the Pacific, is almost always tumod to 
the sooth or seath-enst.” U.S Explor. Exped, by Wilkes, vol. x. (Geology by 
Tames Dann) 1849, p. 419. 

(1) Pp. 349.—The island Saghalin, Techoke, or Tarakai, is callot by Japa- 
‘nase pailors Krafto (written Karsfate). It lies opposite to the mouth of the 
Admur (the Black River, Saghatian Uls), and is inhabited by a good-husnoured, 
Aark-coloured, and sometines rather hairy race. Admiral Krusenstern sup- 
poeed, ns did previously the companions of La Péroue (1787), and Broughton 
€1797), that Saghalin is connected with the Asiatic continent by a narrow aandy 
Jethmus (in 62° 6’ N, lat.) ; bot wo find among the important Japanese infor 
‘mation obtained by Siebold, bys wurvey chart Iald down in 1808 by Mamia 
‘Binsd, chiefof xo Imperial Japanese commission, that Krafto is not a peniraula, 
brut is wurroanded by the wen cy all sides (Ritter, Erkunde von Asien, Bd, ill, 
4BR). This revnlt of tho meritorious Mamis Rinsd has been recently (1855) 
‘confined by the fret that the Russian fleet, it tho Baio de Castries, at Alexai~ 
rowek (Int. 51°29"), therefore south of the suppeond isthmus, were able to 
retreat {nto the inouth of the rivor (lat, 82° 54") just as Siebold had said, In 
‘the strait, whore the isthmus was suppored to be, there are at some points only 
five fathone wator, The Island begins to be politically important os account of 
Ita vicinity to the Amur, or Saghalian River, ‘The nano proneanced Karafio wr 
Krahio la contraction of Karssfu to, i. necording to Sebold, “the island ade 
Jacent to the Kam ;" Kara being m Jopano-Chinese devignation for the extresie 
worth of China, Tartary, and * fu," “adjacent to” Teeboke is m conuptioa of 
‘Tokal, and Terakal ia taken by a misunderstanding from the natne of « xinghe 
‘village, Turaike. According to Klaproth (Asia Polyghotta, py 301) Traikal, or 
‘Turkdal, is the native Kino name of the whole island, Compare Leipuld 
Sehrenk’s wed Captala Bernard Wiltinghatn's remarks in Petermana's Geogr, 
‘Mittheilangen, 1856, S176 and 1844 and aleo Perry, Expo. to Sayan, vols 
p 46a. 

(1) 390. —Dana, Geology of the Pacific Ooean, 16 The comet of 
‘Cochinehina, from the bay of Tosq win y these of Malacoa, from the bay of Sian; 
snd even thove of New Holland south of the twenty-fifth parutiel alte run 
pearly neetis and eonth, 

(") p. 360.—Compare the transtations of Stanistan Julien frown the Japanese 
Eneyelopedis in my Asie Centr. tll. pp 552, 

(C7) p 300,—Counpare Kaart van ea Zohd- en Zuldwest-kust ven Japan, 
door P, ven Shebobd, 1851. 

(7) p:361.— Compare my aga 
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tL p. 82, which were published immediately after my retern from the Siberia 
Espedition ; as well as my Asio Costrale, i whieh I have cccribatd the opine 
expressed by Klaproth, which I had alse seyself previcely entertained, snl whic 
‘was rendered probable by the connection of the ancwy momataime of the Him 
Jayn with tho Chinese province of Yun-nes and the Nesling, morth-wet of 
Canton. ‘The mountains of Formosa, which are more thas 11,700 feet bigh. 
belong, as do tho Ta-ju-ting which bowed the Peo-kien om the west, to the use 
opster of north and south froures as those of Upper Asses i the Birman ces. 
try, and the group of the Phatippines. 

() p 902.—Dans, Geology of the Explor, Exped. vol. =. p SHO—545; Beat 
Hofnana, Geogn. Deh. auf der Reive ven Onto v, Ketacbme, S. TO; Léep & 
Buch, Door, Phys. des Tow Canacien p 435499. Compare Dom Antonis 
Morati’s largo and excollont Chart e€ the Tales Filipinas (fadrid, 1852) te tre 
aheets. 

(*) p:302-—Marco Polo distingulsbes (Part. IIL cap. ¥. and vill) Gira 
minore (Sumatra), whero he staid five months, and where be Geseriher the ely 
plants, not found In Java (Humbolt, Bxeamen ori. de T Hist, de ik Ghegr. ¢ 
p. 218), fram the exzlior-described Giuvn (omygions), “La quale, seconde @- 
ono 1 marinnl, che bene Yo sarmo, & I'tscls fll) grande che ais al mona” ‘Ths 
awertion is still true. Acconiting to the eutlines of the com of Maree ant 
Colebes by James Brooke and Oupt. Rodney Mandy, T Gad the aces of Bore 
12,920 (German geographical) square smiles, exily ene tenth of the area of the 
continent of New Holland, Marco Pals's acceants of the *nmudls sll ust 
great riches which the mercanti di Zalhon © del Mangi tring fevim sean” 
show that he as well ws Martin Behaim on the Nureciters Globe of 1499, ant 
Johann Ruysch in is Roman edition of PYalemy of 1508 (eo Seyweraat fer 
the history of the disoivery of Amnerics), romans by Java tajor, Baran. 

(™) p 263.—Captain Mundy's Chart (Coast of Berneo Proper, 2847) exer 
gives 14,000 feet. For doubts respecting this elreation, see Janghulias Jers, 
BA. i. S850. Kina Balto is not a conteal momatain ; fs form is mech mere 
like that of those basaltic mountains found In alf snes of the eartls, wikicd far 
a long ridge with two termina enpolas 

(Cp 36S—Brookke’s Borneo and Celebes, vol. i. pr 382, 84, aod 386, 

(*) p 364.—Horner, fn the Veebandelinges van bet Batevlansy Geet 
sechap van Kursten en Wetenschappen, Deel vill. (1899) p, 284y Ade Comte 

p: S4—S37. 

() p 364—Jungbubs, Jeva, BA il, S 509 (Battabioder, Ba LS. 29> 

() p. 364 —Kouncs, Bi. iv. Aum, 86 te S, 326 (English wht Nee die) 

C*) p 365 —Java, BA Ib 8. 818828 
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(*) p65 Jama, Bd. i. S, 840—842. 

") p 366—Jara, Ba iL S, 853. 

(7) p.367-—Leep, von Buch, io the Abhaadl, dee Akad, dee Wissenseh. xa 
Berlin, 1818 wl 1819, S. 62; Lyell, Princ. of Geology (1863), p 447, where 
‘8 Line repeeseriiation of the volcano is given. 

C#) p 968 —Bory de St-Vincent, Voy. aux quatro Tes Afrique, t th 
paar 

C*) p 369 —Valeatya, Beschryving van Oud en Nieuw Oost-ndiiin, Deel li, 
(1726) p. 701, Het Ryland St, Paula, (Compare Lyell, Prins. p 446) 

C™) p.370—" Nous s'erons yu former,” says d’Entrecasteaux, “aucune 
ponjectare aur la cause do liacendiy de I'Lle d'Armsterdam, Le étolt enbrasde 
dans topte con (lendus, e¢ noas ayoos bien distinoteroent recone Tedeur de bois 
wide terre bwfls, Nous n/wvons rien venti qui pot faire peveurer que Sen- 
beasement (8 Neliet d'un volean” (tf p. 45). “Cependant,” he lsd said be 
fore (p. 43), Ton a rewarqad to long de In ebte que nows avons euivla, o& avi 
‘ba Datrren éteie ames Coignde, do petites houllées de famée qui sembloient eerie 
a te terre comme par jets ; ox n'a po néanmoins distingner la molodre treme de 
fev. tat utoer, queiqne nous fassions tris pris de la terre. Con jets de fuse 
# ineotrent par Intervalles ont para & MM. les saturalistes @tre dos fndions 
preqiemanie de feux sowiecrnins” Should we fader that we bare here to de 
‘with the ignition of lignitee,ef which beds covered Ly Mavalts amd tela ecenr #9 
froquenity in the velcenic islands of Howrbon, Kerguel, wad Iedand 2 The 
nawe of Surtarbrapd ecnployed be Ieelwad bs taken from Seamlinavian mytbobgy, 
‘from the Fire-Giant Sartr, who is to.vet the world on fire, Tat suck ensth-tires 
0 not theewelves uanally eccariom flames. As in modern times the uames of 
‘the islands of Areaterdam sod of St. Paul's have sufortunately often been com 
fyunded co rays, i may bo well, in onter that the ploencmena observed ie the 
cen Ialiod may ot bo erroononaly ascrilel to the other, to remark that originally 
Ge @ at the end of the seventeotth century), of the two. islands lying otarty 
in the exrse inerhlian, it war the southernmost which was sased St, Panl's and 
the northern coe Amsterdam. Their discorerer, Viaming, amipned to the fmt 
tha lativede of 38° 40'S, and to the second, 37° 48'S, These data agree ree 
‘markalily well bs pomition, ws well as is the rmapective naurea, with thave farwisbl 
wn century atterwants by D'Kuteecasteaux, in the expolition in search of La It 
wonse (Voyage, ti. p 43—45); namely, for Amaterdam, scconting to Bean 
‘temmpestlennprd, 979 48 N, (78° 10° K,), and for St. Paul, 53°95", So close 
‘eh agreement rust be acnidental, as the places of olnervation wenn, no dosti, 
riot exactly the aune, On the ctler bas, Captain Rlnehwood is his Admieslry 
Chart for 1842 given for St, Pal 38° 44" S, mad 777.99", In the mage ap 
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pended to the original olition of Couk’s Vepages, ex. gr of the Sev and anemi 
eapoditions of that cireamnavigater of Expechialle renews (Vepage te te 
‘South Pols and round the World, Lond. 1777, — 1), as well as of the thied ant 
last (Voyage to the Pacific Ocean, poblished by the Adbmiesthy, Leak 1754 
2ol o1. 1785), and even in the acciant of the thene expeiitiees coliectinly 
(A General Chast, exhibiting the Discoveries of Ospe. Cook, ba this third ai 
Two pevealing voyages, by Lieut. Henry Robert), the bleed of St Pad & 
ccerectly given as the sonthern ome x nevertioileny ix the test of DEctrese- 
teanx's Voyage (tL. p44), the covnplaint is made (wheter Fant apgeace t 
ie mere thes dcttful after much examinations of miithes is the Eteaand 
Yaris, Berlin, and Gottingen) that “in the special Chart of Cock’y tat Exe 
ithe Amutendam Island ls placed to the south of St Peet's” Sach ax teresa 
of the names, ws intended to be gives by the original answerer Willem die Vie 
tulng, is frequently found in soaps of tht Gest thint of the prunent cmmtery; fe 
example, in the cléer meriterioas Maps of the World of Arrowsmith and Ponty, 
1893, This has protaMly been cecaaioeend eather By 1 2. Fact tm the Maps at 
Cox and Mortimer. 2. The cisenmnstance that in the Atlas to Lond Macurteey’s 
Voyege to Chita the snoking volcanic inland (of which there is « Sno riew)& 
indeed called St, Pxal'y, and placed in 35°42 S, Rat nofertamately Bt leew 
feds, “ commonly called Armaterdam ;" sod, what is still wore, is the Niece 
tive of the Voyage, Staunton and Dr. Gillan eotutantly ate the mame of A 
stecdan for the * inland still in a state of inflammetivn «” aml, after berg 
fives the trae latitede in p 219, even add (A $26)" that Se. Peal ie Dying 
the northward of Amsterdam,” 3, The sxe confasicn an to the mame iy 
Burrow, who ta his“ Voyage to Cochinchina f= the years 2792 and 1793" 
p 140—157, also calls the more scathern island, “ which gives out emake aol 
flames,” Amstenism. Madte-Brun (Précis de ba Géographie Universelie, t 
1817, 146) jastly blames Barrow co this account, bat he ia wrong ie ale 
Maming De Kmsel and Besutempe-Besupré, Both the latter assign to the 
inlared of Anatentam, which is the caly one of which they give views, the iai- 
tile of 37° 47’; and to the ialasd of St. Panil, av being 20° monte the meth, 
85° 85 (Voy. de D’Entrecastesax, 1808, % i. 4046), tend, to prowe that 
tbe drawing in bis book represents the tree Amuterdam Ialand of Wilken de 
Viewing, BesstempsBeaupré gives is his Atlas o copy of the fored-corered 
view of Amsterdam from Valentym From the cireumtance ff the exkhratel 
navigator Abel Tamas baring, io 1642, with Middelburg called the Inlaad of 
Tonga-tae iu the Tongs greup, i lat. 21)°, Amstendam (Barney, Cheeel> 
gical History of tle Veyares aad Discoveries in the Sooth Sea cr Pantific Oue, 
Pi. UL p. $1 and 497), Tasman has tees exreasously cited as the discoreer sf 
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Ainstendam and St. Pan} in the Indian Qvean, Seo Leidenfoest, Mister, Hand 
wlrterback, BA. v, S310, 

(*) p 370,—Sie James Ross, Voyage in the Southern and Antarctic Re- 
Blom, rol. kp. 46 ant 60~56. 

(%) p STL —The sane, p 63—82. 

0%) p. BT2—Resnlt of weighings by Professor Rigasd st Oxford, according 
‘Wo Halley's old proposal. See my Asie Centrale, t ip 189. 

(2) p 873.—D'Uerille, Voy. de ta Corvette I'Astrotabe, 1826-1829, Atay 
PL; 1, Potynésle ix made te comprise the easters partion of the Pacific (the 
Sandwich Lilands, Tahiti, sad the Tonga Archipelago ; and also New Zealunl), 
‘2. Microodile and Melanéste take the western part of the Puclfle Qvean : Micros 
‘née extending from Knnal, the westernmost of the Sandwich Islands, to near 
Tnpan aot the Philippines, and southwards to the equatce, comprising the Ma- 
Fianas er Ladlroves, and the Carolinas and Pelow Isles, 8, Mélanesle (from 
the dark-haired race of men) by Its north-west border touching Malalsie, ccm 
prises the stnall groups of Viti or Feejee, the New Hebrides, and Solomen 
Talands, and the larger folands of New Caledcuia, New Beitatn, New Irelucd, wsdl 
New Guinea. ‘The munes of Oceanle and Pelynésie, which have Leen often «p= 
‘plied fn #0 contradictory © manner, were introduced by Malte-Brun in 1819, ned 
Leasen in 1528. 

CO) p B73-—" The epithet scattereal, as applied te the slants of the ocean 
(Gin the mrmesgemnent of the groups), conveys a very incorrect idea of thele pisl- 
tows. There ism system iu thelr arrangement aa regalar as in the mourtain 
Deights of a continent, aod ranges of elevations are indicated, nt graml aod exted- 
Hive as any continent presenta” (Geolgy, by J. Dara, or United States’ Exe 
Plorieg Expedition under the cammand of Charles Wilkes, vol. x. (1849) jp 12.) 
‘Dana counts in the whole Pacific, cnitting mere rock islets, 350 tamltio oe 
trachytic, and 290 coral islusds, ‘He divides them into twenty-five groops, of 
‘which nineteen have «menu axial direction of N, 50°—60° W., and six havo 
dan GEN. 20°99? E, Ty is an extremly striking cirowmatason that all thie 
(greet number of ialacds (with a few exceptions as the Sandwich Intareds art New 
‘Wealand) lie Letwonn the parallels of 25° 28° of north and of south lativode, and 
that there remains #9 enormous a space withoat ialands between the Sandwich 
and Nuksbiva groups aed the Americas shores of Mexico and Dora. Dasa ald 
a ferther consideration, which contrasts greatly with the small number of the 
‘pow active volcanoes ; namely, that if wo may axfume tho probability that cara 
islands, where they aro ford lying intermediately between islands whick ary é= 
tirely basaltic, rest also ons basaltic foundation, then the number of voleanle 
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camscre. (p USL) Om the vekeacio-ghese thems (hair af the goddess Pele, whe 
wae cxppemed, ttre ber ecciecoent im Hawaii, ts have lntabited the mew ex 
‘tet Veleune Haieokala, the ~ sum heme” i the Inewdef Masi), mee p 179 
bo 

(*) RTS — Deen pts “The tem Sifters is whly maggie 
A Setar as eva wd eee Ses at emcaping eater ragemen, ant 
Shes: proper lesa qpctima: while Adem b&b a vast crater with exeae 
lara rpethes acd co ecb, expe that of the salpher tasks, beyond whit 
Deemmardy acoezpasim, as at Vescvica, vinent velcanic action” The frame 
‘meek of Kilaoen, the lady of the great hands which cvntainn the teva, aber by 
‘bo cores consiscs of etmate of aabes ar fagmentary mocks, bat of Borimatal belt 
(ters cxpepeed Eke Emestme «Dama, p 153. (Compare Stescivchi, Phys 
Deser, of Sew Somth Wales, 1845, p 105311.) 

(*) p 370 — This remarkaMle sbking af the surface-Jevel of the ters bas 
tees confirmed by the experience of numerous travellers, from Elis Stewart al 
Dongias to the meritorious Const Stradecki, Wilkes's Expedition, aml ih sites 
tively observing Mimiccary Coan At the great emption of June 1640, the 
comacction of tbe rising of the lava in the basin ef Kilanes with the arden te 
Saseaation of the much lower situate) crater Arare, was meet neidel The 
disappearance of tbe stream af arn peared forth from Arurs, ite renewed sek 
‘terrancan coerie apd Gnal reappuarsnce in greater mass, do net allow us tv 
infer its identity with equal certelaty, inasmuch as many lengitedtinal lace 
Fielding fissares bave opened contemporansonsly ever the whole declivity of the 
spaustala below the level of the floor of the Kilanea basin, As respects the in. 
ternal cenatitation of this singular Veleano of Hawall t la very noteworthy thit, 
& June 1892, both the craters, that of the wmmunit and that of Kilts aloes 
taneously, in the one case poured forth, apd in the other oceniloned, stream of 
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Jara, aod wert, thecefere, elmultansoualy active. (Compare Data, p. 184, 188, 
193, aod 196) 

() pe 377, — Wilkes, p 114, 140, and 157, Dans, p. 221, Ou acooens 
of the perpeteal confusion Letwoen rand |, Meuna Loa is often writtes Mousa 
Hoa, ant Kilaues Kirsoea. 

) po S77. — Dana, p 25 and 138. 

(™) pe 578%. —Dana, Geslogy of the U.S, Expl, Exped, p 138 (Come 
pare Darwin, Stracture of Coral Reefs, p. 60.) 

(") p 37% —Léop de Bach, Description phyx den Tes Canaries, 1886, 
js 999 and 403—405, 

(0) p 380, — Dion, Geol, of the U.S, Expl Exp p 439440; and on 
the feb traces of fecrone wobeanio activity in New Helbund, p 433 and 4575 
god om the numerous basaltic columes in New Sowth Wales and Van Diewew 
Talend, p. 495—510; and P. de Strandecki, Phys Desor, of New Sonth 
‘Wales, po 112. 

() p 381. — Ernet Diellendech, Travels ia New Zealand, 1843, vol. |. 
F 337, 355, and 401. Dieffenbaeh calls White lalaad; “a amobiey wolfatars, 
bak still im woloanse activity” (p 958 and 407), sad on the map it ty stated te 
bein comtinual geitien.” 

0%) pr B81. — Dans, p 443—448; Diedfenboeh, vol Lp. 931, 999—S41, 
and 397. On Mouns Egmont, see vol hp 181197. 

(®°) p98 — Darwin, Vodoanie Iatands, p. 126; Dans, p. 140, 

(0) pp 982.1, ee Bisch, Dever, der Bow Cancion, p. 36K We find, 
in the stove sarsed three islands, tomether with plutoaio wl sedimctary beds, 
phoonlites and besaltio reeks; but theee may have sjpearal at the first upheaval 
Of the inland from the bettom of the sea to above the wurface of the waters. No 
traces ether of Bery eruptions withia blatorks tlaum, or of extinct crater appeat 
to hare bees found. 

(™) p 383. — Dena, p. 343-350, 

(() pe 983. — Dasa, p 312, 318, 320, 323. 

(™) p.983.—L. wa Boch, p. 393; Darwin, Voloanbe Islands, p25; Dare 
‘win, Coral Reels, p 138; Dara, p 286—905, and 364, 

(*) p 285, — Damm, pe 157. 

(7%) p 885. — Darwin, Velo. Ink. ps 106, 1O—192, and 114. If Darwin 
cays 60 decidedly that trachytes aro entirely wanting In the Galapagos, it be 
because be restricts the term trachyte to common felopar, & ¢ cetoelase, of to 
ertboclse and munblioe (glamy felypar), The curisas labaked ve emibaidod 
pieces ia the lava of the senall aml eatinely basaltic crater of James Leland Gone 
taln no quarts, although they appmr te rest on m plutense rock, (Compare, in 
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present volume, pp. 900 and 331.) Several of the yateuic cane i the Gale- 
pages Iedands have, at the mouth, guile a I hve soem at Ostopari, ¢ stv 
cylindrical parapet, “Ia scene parts, the ridge is surmotmated yw wall 
pasejet jerprodicalar on both sides” Darwin, Volo. Tal, p83. 

() p 986, —L. vos Buch, p 376. 

(7) p 386,— Bansen, in Lecohant's Jahrb file Mineralogie, 1951, 5: 856; 
and is Pogeeod, Anmslen der Physik, Bd, kxxsii, 6/993 

(@) p. 387. — Kounes, BE iv. S 311319, and Anan. 70 (pevenst role 
p 263—260, and Note 394). 

(@) p.387. — See Plesebel, Ueber din Vulkane vou Mexion, is the at 
sebcift fir Alle, Kelkends, Bd. vi. 1856, S86 and 489—S32, ‘The statemet 
(5.86) that * po mortal had ever climbed the steep point of the Pico det File’ 
in strangely erreooves, and fa refuted by De, Gumpeccht fa the asme rvlume (8 
489), The tower-tike wuminit whied is only ten feet broad is, Indeed, of 65- 
cult attsiaument; bat T gained it, amd observed the barecneter thew ox thy £90 
of September 1803, ant pablished the observations to Jong age as 1807, Mare 
cover, I mruek off, and beoaght heme, pleces from the mass of trackyte where it 
had bee pierced by lighteing, glaned ca the inde like lightning tubes, Gilbert, 
in 1819, in BA lai. of his Amealen dee Physik, S: 261, gave a memsele en thet 
plcces which bad beea laid by so before meetings both of the Berlin an! Paris 
Academies, (Compare aio Ansales de Chizie et do Physiqus, t xix 18%, 
298.) Where the lightning had pieroed cylindrical tubes thnee Inches tang, 
in etch s manner that the upper and lower openings) could tbe Siatingslited 
apart, the rock surrounding these opeaings was also vitrified. I bawe an it 
my collection, pisos where, as at the Lesser Ararat and Mant Blane, the whale 
surface has been vieriSal withoet tabalar perforation, Herr Pieachel i= Octobe 
1852, was the fint who ascended the Voleane of Colima with ite deuhle ss 
redt, and arrived at the erater from which he then saw bot wapours eff salylm 
rettel hydrogen lasue in clouds, Someesehmid, wha, in February 1796, attecrptal 
the ascent of Colina, but without sucouss, reported accounts of a grant. erujtie: 
of ashes in 1770, In March 1795, glowing scorie were ejected) pomsenilag sf 
sight the appearance of a pillar of fire, ‘To the mecthvwent. of Che Volo f 
Colisa, « volcanic teanch fissure runs along the whore of the Pacifi.  Extiet 
_ceatera atd ancient lava-streams can be recognised in what ane culled the Vel- 
cazees of Ahuscatlan (on the roate from Gasdalaxara to Sen Blas)and of 
Tepie.” (Pieachel, in the veluine above referred 0, S. S28.) 

(™) p $88.— Kosmos, Bd. iv. S; 399-397 (present volume, sp 3 
to 355), 

C*) p.359.—The name af Grand Ootan "foe the busin ofthe Pasi 
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foitrodueed by my friend the learned geographer Contro-Atiral do Fleuriew, te 
‘anthor of tho Txtroduction historique mu Voyage de Marchand, hues the Gault of 
Giving to a Fart the name of the whole, and tends, therefore, to cause confusion. 

(™) 1. 991.—0n the axis of the greniest heights ce enlminsting points, 
‘and of tho volesnors in the tropical zone of Mexion, see Kosmos, Bd iv. S312 
‘anid S43 (ins the present volume, p. 268 and 299). Compare also Fasai pol. war 
Sa Nowy, Kept. Lp 257-268, t ii, p 173; and Ansichton der Natur, Bd, b 
8 344—350, 

O) 392. — By Juan do Ofiate, 1594. Memoir of a Tour to Noethers 
Mexico Ix 1846 wnd 1847, by Dr. Wislizenus, On the inflarnce which the 
(pociliar form of tho jgroand (the great magnitude of the table-land) may be ex- 
pected to exert on internal traffic and om the intercourse of the tropical zone with 
‘the north, whenever social onder, civil liberty, and industry shall bo enjeyel, 
cotnipary Essad pol. tiv. pe 98; and Dans, p. 612. 

(*) p 902, —In this tabular view of elevations betwee Mexico and Santa 
‘Fé, as in the similar, But Jess complete, one given in my Ansichten der Natur, 
A. iB 949, the initlals B, W., and H. signify the names of the elservera: 
W. being Dr. Winlizenns, sathor of a very instroctive and scientific work, 
‘Memelr of a Tour te Northern Mexico connected with Colonel Doolphan's Ex~ 
Fodition in 1846 mod 1847 (Wasbington, 1848); B,, Oberbergrath Burkart ; 
ead IL, myself, At the time when I was engaged in astronomical determina. 
tisus of Intitade and loagitede in the treyioal parts of New Spain (from March 
1903 te February 1804), and whos, from all the materiale that I could discover 
wad diseuss, I ventured to prepare a general map of the entire country, of which 
map wy hanvared friend, Thomas Jeffersea, then Frisident of the United Staten, 
had « copy mada which has since been often uch misemployed, there ware 
ns yet no determinations of latitule in the Interior of the country, eo the 
route to Santa Fé, north of Duninge (24° 25° N.). According to two mane 
deript accounts of truvele frusd by me in the mrcbives of Mexico, ef the 
tagiticers Rivers, Laforn, apd Mascard, in 1724 and 1765, containing ceenpass 
bearings pnd eotimated yurtial distances, careful calenlation gave foe the Ime 
portant station of Saute Fé 96° 12° N., and 100° 51" W (fram Dae Pedro 
de River), (Seo! my Atles géogr. ot phys. Ge Mexigue, Tab. Vy weil Kasel 
po tL p75, 8%) Iu the analysis of my map, I have carefully stated 
thie result to be @ very escertain cor, inastmch ms, in estimations of dise 
tance and comrpum bearings, without correction for the magnetic dockination, 
and with the want of objects in trecleas plains withoot hutnan habitations, en 
an extent of 1200 geogr. miles, It cannot be safely aaumed that all errors 
conpensste tach other (1. 127192). Tt happens accidentally that 
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the adore remit, compared with the latest satroncanical determinations, ts mam’ 
more errancous in latitude than i longitude, diifering in Iatitode thirty-coe 
aminntes, and in longitnde scarcely as much as twenty-three minutes of arc. 1 
‘olvo suceeated in determining, with appeuximate ovtrectoess, by mesma of etm 
binathees, tho position of the Lake of Tirpasogos, now commonly called the 
Great Salt Lake; the siver which ram fete the smaller Utah Lake (e freb- 
water lake) now alone retains the name, being called the Tisepanoges River. Te 
the Innguage of the neighbouring Utah Indians, the river ix called Oz-eubbe, 
and by abbreriation Oge only; timpan ie rock, therefore Tienpam-oge it recky 
river, (Fremont, Expl, Exped. 1845, p. 273.) Baschmatm explsine the wuol 
timpn aa arising out of the Mexican tetl, rock, haviag discorered in pa” a mative 
North-Mexican substaatire ending; be assigns to ogo the general signification of 
water; see his work entitled “Die Spuren der aztekisehen Sprache im nOcdbelea 
Mexico, S. 354356 and 351. The “Great Salt Lake City” of the Mormons 
la in 40° 46" N, 112° O4 W. Compare Expedition to the Valley of the 
Gt Salt Lake of Utah, by Captain Homan) Stambury, 1852, p 300; and 
Humbolit, Ansiebten der Natur, B4 L$ 346. My map gives Mantagues she 
Sel Gemme” sotnewhat to the east of the Laguna de Tiumpanegon, 40° 275, 
111° 47° W.; therefore my firat conjecture differed fa Latitude thirty-nian, apl 
in longitude seventeen minutes. The latest determinations af the position of 
Santa Fé, the capital of New Mesico, with which Iam acquainted, arer—o 
nceonding to many star altitades determined by Lieut. Emory (1846), 25° 44° 
6"; b, according to Gregg and Dr, Wislizenns (1848), perhaps at = disierwnt 
wpot, 96° 41’ 6”. Emors's longitude is 7° 4" 18* of time wost of Greenwich; 
Wislizeaus's is 28° of aro lees westerly. (New Mexico and California, by Keery, 
‘Deenm, No. 41, p. 36; Wisk p 29.) The cerer of mast mapa of the eeusery 
bout Santa Fé is to make places too nurtherly. ‘The elevation of the tows of 
Santo Fé abore tho sea is, accoriting to Emory, €422, and acconting to Wistl+ 
seuus, fully 6611 Paria feet; mean, 6516 (or 6944 English) feet; therefter 
equal to the height of the passes of tbe Splagen and the St. Gothand in the 
‘Swiss Alps, 

C™) 992. — The latitnde of Albuquerque & taken from the: good «pecial 
map entitled Map of the Territory of New Mexico, by Kermy 1851. “The cher 
tion is, according to Emory (p. 166), 4750 feet; but acconling to Wislinenns 
(h. 122), 4850 foxt. 

(™) p. 392. — On the latitude of Paso del Norte, compare Wislisenas, p. 125) 
Met, Tables VILL te XL Ang. 1846, 

(®) p. 394, — Compare Fretent, Report of the Rxplering Bxpol ix 1842, 
P 60; Dana, Geology of the U. & Expl Esp p. 6116195 and fee Sent 
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America, Aleide ZOrtigny, Voy. dane TAmérique méri&. Atlas, Pl, VIN. de 
Gdologie spécinle, Fig. 1. 

(CM) p $04,— Respecting this bifurcation, and the cerrect sumes cf the 
eantern and western chains, compare the great Special Map of the Territory of 
New Mesica by Parke and Kern, 1851; Edwia Jchnsos's Map of Msilroets, 
1834; John Bartlett's Map of the Boundary Commielon, 1854; Explientions 
and Surveys from the Misisipi to the Pacific in 1863 and 1884, vel, kp 15) 
aml, abuve all, the comprebensive and excellent work of Jules Marcon, geedogiat 
of the Soutlers Wueifle I. R. Survey under the coannsnd cf Lieat. Whipple, 
Réuind explicatif d'vae Onte gécbogique des Etats Unis et d'un Profil. gol 
eique allant do la Vallée du Misslsoip! aux Clee de TOotan Pacifique, p 113 
=I16> also in the Batletin do le Secidté Géolegique de France, 2¢ série, te all, 
681% In the longitudinal valley enclased by the Sierra Madre und. Rocky 
Moantain, tn 35°38 N., the single groups, of which the western chain of 
the Siecra Madro aed eastern chain of the Rocky Meuntaiss (Sierra de Sandia) 
‘cousiet, bear special names, To the first-named chain belong (preceeding freen 
auth to north) the Sierra de tne Grullas, the Sierra de los Mtbabres (Wisticeres, 
Po 22 wok 54), Dlvmat Tay dor (35° 15' N.), Sierra de Jemes, wel Slee de fan 
Juan; & the easternmost ebaln of the Rocky Mowntalna may be distinguished: 
the More Peaks, the Sierra de la Sangre de Christo with the eastern Spaniel 
‘Voaks (lat. 37° 42°), and the White Moantains which tum sorthewestwanl and 
‘exielow the longitudinal valley of Tron aad Santa Pu. Professor Jules Irebel, 
‘whonn exainination of the voleances of Ceatral America T have alewady spoken of, 
has, with moch sageeity, developed the inledaitesess of the geographical mama 
‘Sierra Madre in the oléer mayo; hut, at tho same thn, in a treatise entitled 
Remarks contributing to the physieal Geography of the North-American Cosths 
rant (Wlieth Annual Report of the Stnitheonian Inatituthen, 1855, p. 272—281) 
‘he has put forward a view be which, after discussing the many now existing 
‘materials, 1 cannot scocde: it le to the effect that the Rocky Mountains ane by 
W) meus to be regantel aan coutinuation of the Maxian highlaa) in the 
tropical portion of Anahusc. Uninterrupted moantain-chaias, as i the Apans 
tion, the Swiss Jara, the Pyrenees, and a gresh part of our Alps, are net, 
indeed, to be found ruming froma scuth-satleast 10 noethenerthwmt. bet wean, 
the nineteenth and the foety-fousth panallele of latitude, froas Bupooatepeth in 
Asabans to sorth of Frameat’s Peak tn tho Rocky Meustalns; but the enermoes 
eteral clevation of the murfece, which Incceases mece anh mere in brewdth: 
‘towards the sort nik morth-wrat, by comtingwus from tropleal Meaieo te Oregon) 
und oo this ewelling high plain, which is the primary and peinelpal grolagiea) 
plancmenin, single grows of mauntaize lee over fawures which hare taken 
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‘Zoic, whero the Pabo de Zulli is wtill 7044 foot bigh  Zaiti Viejo, the old ruined 
Truedle draw ty Medthansen in Whipple's Espeditiony and the prevent inlsablted 
Doebls de Zaiil. Forty geographical miles north of the Sast-named place, thers 
Is aiid a very amall isolated roleanio district near Feet Defiance. Between the 
Village of Zulli snd the ‘lopd to tho little Colecads River (Colurado Chiquito), 
there lies uncovered the © petrified fheest,” of which an excellent description 
wal drowlngs have tee given by Mslihamsn in 1853 in a memoir sent to tho 
Geographicnl Society of Bertie. Atmong the silicified coniferm, fossll tree-ferea 
are ales Interspersed, wecerding to Marvoa (Résumé explic, dlune Carte get 
p59) 

() p99, — All, acconting to the profes by Marcos and trom the aberee 
telted Rinernry map of 1853. 

() 998, — The French namnes introduced by Canadian furcdruntert are 
fo jeneral uw in the country apd in Raglish maps, The relative positions of 
the extinct volcanoes are, according to the latest determinations, as fallows 1 — 
Vromort's Peak, 43° 4° N., 110° 8 W.; Trois Thtens, 43°38" N,, 110° 48° Wi 
‘Three Barton, 48° 20° N, 112° 40° Way Port Hall, 49° OF N,, 112° 23" W, 

() p59. — Lieut. Mullas, On the yoloanlo Formation, ln the Reports of 
‘Explor, and Surveys, vol. L. (1855) $90 and $48; seo also Lambert's and 
‘Tinkham's neesant of the Three Buttes, in the same, p. 167 abl 226—290; 
land Talos Marcon, ps 115. 

@*) 7 400.—Dam, p 616—621: Bloe Mountains, p 6496515 Sacra 
revato Bett, p. 690—643; Shasty Mourtales, p G14; Cascade Range, Os the 
‘Mente Diablo Range which has beoken through veloanio rock, see wha Jute 
‘Trask, On tho Goulogy of the Coast Meantains mod the Storrs Nevwla, 1854, 
pis, 

(6 400,— Da (1p. 619 and 640) estimated the woleato St, Helena at 
16,000 feet, and Mount Hoo, therefore, at less than that belght; according to. 
athers, Stow Hood wuld hare the great ebematlon of 18316 fvt, 2526 feet 
‘higher thew Mant Blan, ant 4746 feet higher than Frewmet'y Peak bx the 
Rocky Mowatains, Ties, nccorting to the latter statermmnt (Landgreba, Nature 
pevobiclite der Vadlkane, Il. LS. 407), Mount Mood would, on the woe bara, be 
‘ealy 571 feet bower thas Cotepaat; while, according to that of Thea, cc the 
ctber hatal, it would caly be 2550 feet above the highest summit in the Rocky 
‘Mosstains, I always thiek it desirable to call atienthes to such “ varlaxten 
becticans.* 

(*) 400. — Dana, Geek of the U.S Explor. Exp. p. 640 and 643 —045, 

(™) p40l.— Oller varkius statements of thie slevation are 1 10,178 
feat scconling to Wilkes, and 13,595 feet occoedling to Sienpecer. 





(©) p 402. — Karcten's Archiv flr Miseralogio, Ba. i, 1920, 8. 243. 

(%) p dea. —Hambeldt, Basal politique sur be Nouv. Exp tL p. 266; 
tip sia 

(C*) p 402. — According te « mannscript whieb I wes emabled to avail 
ampeelf of in 1303 in the archives of Mexico, the whole comat from Nouthe te 
chat was sabsoquestiy calle! Cook's Inlet wae visited im 1774 by the expolitio: 
ef Juan eres aad Estevan Joed Martinez, (Kasai pol. sur la Nouv, Eop tii 
296993), 

(™) R406, — In the Antilles, volcanic activity la confised to the lewer 
inlanda; three or four still active volcanoes having broken forth oq a der 
curved Gasure, approaching te a porh and eonth direstion, and tolersbly paralid 
to the volcanic faure of Central America. 1 have eleemhere-= on the occasion 
of the cvasiderations suggested by the slmultaneity of the earthquakes in the 
valleys of the Obio, Mislssippl, and Arkansas Rivers with thows is the valley of 
the Oriaeo and eo the cout ef Veneamels— described the Casibbeas Sea at 
forming, sceonling to geogneatical views, ix connection with the Gulf of 
Mexico api the great plate ef Louisiana between the Allegbaales art the Rocky 
Moustalns, cow great anciest basin. (Voyage wax Régiens Sqsinoniales, t 
Pp Suml 19.) This desde is traversed, throngh ite centre, between 18° of 
‘22° N, lat, by a pletenic moantain reage from Cape Oatocbe om the penimal 
of Yaoutas to the islands of Tectola and Virgen gerdas Cuba, Maiti, atl Peete 
Bios form a west and east range runniog parallel to the granite and geo 
bain of Carmeas, Qa the cgber hat!, the mostly voloasic exall Antilles ee 
oct the abuve alluded to plutacio chain of the premier Amtities mind that af the 
‘omast of Vesesueta with cach other, apd close the soathem partie of the tase 
03 Ita eastorn side, The till active volcanoes off the Seuser Antillew aw fatworn 
the parallels of 19° and 16°} Proceedigg frees south to mertli, they are ax 
fellows s— 

‘Tho volrano in the idand of St. Viscent, estimated semetimes at 3200, som 
times a¢ 4050 fees, After its eraption im 1718, it waa at rest entile fresh one 
evurved the S18 of pall 188, sending forth an eourmous quamilty of Lam. 

jorenents, Bear the crater, began i May 1834, three months afer 
‘Sabrina hed risen from the sca is the Azores, In the mnuntais 
5496 feet above the sen, they begun to bo falinthy eli te 

the sane year. ‘The complete destractice ¢€ the Large town of 
‘took place on the 26th of March of the following year, 1812. Aa the 
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‘of a more noetberly West-Indlan velenso, that of tho falas of St. Vincent, The 
rewth eubterranean pois resembling thunder or the soul of a heary cunacaade, 
‘cansed by a vinleot eruption of the last-named voloao on the 30th of Ageil 
1812, was hewrd in the wie grammy plains (the Lisnes) of Calabeco aml ou the 
Danks of the Ito Apare, 192 geegraphicad exiles to the weet o€ its conhumnes 
with the Orincea, (Humabeldt, Vor. tli, p14.) The voloane of St, Vineet 
head not wont forth any lava between 1718 aad 1812; oa the S0th of Apa, w 
tira of leva flowed from the mumunlt-crater, and in the course of for hears 
renehed the eranaborn, 18 is a very curbous fact, wed oom that was oandirmed to 
tae hy very iatalligent porsens eagaged in coasting navigation, that the noise was 
heard with mach greater strength far cut at sem thats i the imaendiate vicinity 
‘of the ialant, 

‘The voleaso of the ialiod of Santa Lucia, which is comunenly terseel a Sule 
Laiaen, lo caly between twelve and eighteen hundred feet high, There woe in 
Ube crater several emall basis which are periatically fldet with balling water, 
Ta 1766, au ecuption of poorise and sales is said to hare heen obverved, wlilelt lay 
foleed, an unusual plamcnenen for a Salfutara; fee abbough it appescy, freen 
very woll carried cot investigations by James Forbes and Poalett Scrope, that 
there oxo roarcely be a diabt aa to the fact of an eruption off the Solfatars of 
Posancli in 1198, yet we might be inclined to rvgand this oourrence as A Iaieral 
aflest of the acightouring yeincipal voleauo, Vewviua (Seo Feebes, in the 
Udi, Journal of Scienen, vol. Lp 128; ank Voulett Serope, In the Transact, 
of the Geol, See. Sod serie, vol. 946.) Lanoervte, Mawall, atl the Sanda, 
bales provest to ms anslogcas examples of eruptions, situated at exterm distances 
roca the wurminit-eratera which arn the pevper date of the voloanie activity. Ea 
the great eruptions of Vesuvio la 1794, 1823, 1850, wail 1585, the Solfatarn 
of Bosxzoti he cemaival volisterbed (Julius Schuhdt, Ueher die Eruption dee 
Vouvs iin Mai 1855, S 156); wlilingh Strabo (liv, w. pe 245), hang before 
the lirvaking ont of Vewivina, speaks, alihoagh vaguely, of flew alee in the 
cmginn of Dicuwredila (Dicamrchla rvceived in Haualbal's tr, Guan Uhe Reusuns 
whe codsnlned there, the name af Pstecll, Stesbo alia, * Soune tilt that, 
ex necetunt of the bast smell of tbe water, Ube whee district, wi Gur ms Dade and 
Kyrimes, fo called ao, becawae it is full of sulplier, fire, atl warm water, Some 
think that (or this rrawo also Kymms, Camanas Ager, was alao called Phlegray™ 
api afterwards Strabo speaks of fise and water boing poarel forth, spaxoks re 
rope al red Bsror), 

The modern voleasio activity of tho inland of Martinique bx the Montagne 
Prdet (4706 fort high acconling to Dupeget), Vauelia, and the Ttome de Cubes 
la atdll more dowhtful, The great eutharsts of vapour of January 22, 1792, 
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Aescribed by Chishelm, mod the abowers of ashes of Augast 5, 1851, deserve to 
be more closely inquired txt. 

‘The Seafritre do tn Quadeloape, acconting te the older measuremwats of Amia 
nl Le Boacher 5433 ant 5109 feet high, bat according: to the mast recent and 
‘very exict oxen of Charles Sainte-Claire Deville valy 4967 feet high, showed 
Stuelf to be a pemice-ajtcting vokune on the 26th of Septeniter 1797, seventy. 
eight days therefece before the erent warthquake and the destruction of the tewa 
ef Camas, (Rapport fait au Glotral Virtor Hagan, pat Avie et Hapel, snr 
Jo Voloan de la Basse Terre, dans la nuit du 7 xu 8 vendéestaire, am 6, p46; 
Humtolit, Voyage, tip. 316.) The Tomer part of the momstaiss i of iris 
rock; the volanio coos whove sutrenat is opened ix trachyte containing labea- 
dosite, ‘The mountain, which, on acoowst of its onfinary condition, is culled the 
‘Soafritre, never appears to have seat foeth Java in streams, either from the 
tenmit-ceater, or frem Literal Gesnres; but the asbes of the eruptions of Sept 
1797, Deo. 1896, aed Feb. 1837, examized by the excellent and lamented 
Dufréney with the accuracy which characterised him, were foand to comsbst of 
firely triturated fregments of lava, iz which felspathfe minerals (ladeadietsr, 
thynkolite, and sanidine), together with pyroxene, were recognised. (See Lher- 
minier, Davee, Elio de Beaumont, smd Dufréoes, ix the Comptes’ ventas dé 
VAcad. des Se tiv, 1897, p294, 691, and 743-749.) Also Deville re- 
‘cognised in the trachytes of the Soufritre email fragments of quarte, togetter 
with labradorite crystals (Comptes rendus, t xxxii. p G75); as Gustay Bose 
did hexagonal dodecahedrons of quartz in the trachytes of the Veleazo ef 
Arequipa, (Meyen, Reise um die Erde, Bd. ii, & 23.) 

Tho plurwomens bere described, of the ejection, during w peried of short ex- 
tinuance, of very rarious mineralogical substances foom the fiswured apertures of 
‘a eoufritre, remind na forcibly that what we commonly call sullitams, sontiridees, 
or fumarvles, are, strictly speaking, only the indications éf certain states of yel- 
canio activity. Velcances hich once poured feeth lavas, or, alliayy these, ected! 
‘enconneoted scorim of consideruble bulk, or lastly, the same score reduced by 
friction ton state of powiler, ino Inter stage of diminished activity arrive et a 
condition in which they farnish only salplur sublimates, sulphuris cid, aot 
‘aquevus vapour or steam. If we wees to call theen ts this state veaiL-weteanees, 
‘wo might be likely thereby to give oocasion to the ides of thelr being a prouliar 
class of volcances, Bunsen—to whom, together with Boussingault, Seuarmeat, 
Charles Deville, and Daubrée, ncience ix indebted for anch valuable alvances 
obtained by the ingenious and bappy epglication of chemistry to geclegy, and 
‘more especially to voleanic processes—bes shows the masner in which, whan 
{a wublimations of sulphar, which alinost always accompany voleasic eruptiews, 
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the smlphurcas vapour enceunters glowing prratenic rocks, sulphureas acid 
‘originates in the partial decoenposition of the oxide of irom which thowe mocks 
contain. If thereafler the voleanio activity sinks to lower temperatures, the 
elumical activity enters upse a pew phase. ‘The combinations of snlphur with 
‘Iron, and perhaps with the metallic bases of the earths and alkalies, begin te wet 
60 the ngorcas vapour oF steam, and, 08 & result of reciprocal notion, there alae 
sulplruretted by@rogeo, and the products of its decomposition, via. fine bydregen 
ated vnpoars of sulphur, Solphur fumarcles survive great volessio ermpticns fur 
centuries. ‘The muriatio acid fumarcles belong ton differetit and a later period » 
it is but rarely that they assume the charactor of permanent phasomena, The 
origination of muriatio acid in crater gases may bo inferred to be from the mae 
Fiate of ala, which so frequently appears as a product of sublimatice ix vole 
eases (and in Vesuvius in particular), being decomposed by ailiontes, wt high 
temperatures and under tho covcurrent sction of aqueous rapour, into svetiatio 
ehh and seca, which lateer combines with the silicates which are proséat. Mae 
sFatle ackd furmarsten, which in Etalian woleances ocour not unfrequently on w very 
Jaeger stale, and which are then usually acesmpanied by great sublimations of 
common salt (tweriate o€ soda), appear to be only veey incanslderble in Toran! 
As the fetal links in the chrunolegical series of all these pheencmera wo find Sasthy 
the emanaticas of carbonio seid gas coly. ‘The hydrogen is voleunie pases has 
Aitherto been almost entirely overlocked, Bt is present in the vapear xpeing wf 
the xroat wolfataras of Krisuvik and Meykjalill, tn Tovland, wad at both thowe 
places is combined with sulphuretted hydrogen. As the butter and salpdmrvas 
achl, on coming into coutact, mutually decompose ewch ether, setting frwe the 
wulpber, they never can both prevent themedives at ones It le mat rare, hows 
‘ever, to find then in owe anil the some furnarole Geld very near exch other, If 
i the Teelandic solfstaras, which have Just been natned, sulphuretted bydrigen 
gas com 0 little be recognised, on the other hard, it was entirely wanting lip 
‘the selfatara state of the crater of Heels only # short time after the empthin af 
1845, therefore in the fint phase of volcanic aftersaction, Neither by sell ner 
ey reagents could the slightest trace of smlphuretted hydrogen be discorynd, 
hile the abundant enbllmaticn of axlphur inade the pensence of wulpvarons ackd 
‘unmistakably recognisable by the smell to a considernbe diutanen, Uh le trug 
that on bringing « lighted cigar over the furnarcles thave thick clots of enake 
stowed themselves, which S6elloud ad Wri (Comptes Hendin tal 3840, py 
852; and Poggendariy Asnalen, Exginsungsband, 1842, 5. 511) have pointed, 
‘oat aa nn indication of the emaliat trices of sulphuretied hydrogen As hers 
cover it la ensy to satisfy cos'esslf by experiment, that salphur by iteetf, lien 
sublimated With aquevas rapoars, aleo produces the same plemnetnenan, It renal 
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‘ven Bach, in the Appeadiz to his masterly description of the Crnarien, and 
Laadgrete, in his Geogmphy of Veloanoes, have net tnsardad say geooral 
‘wurnerteal estimate, 

(#) p07. — This deseription is quite oppmed to the often repented repre 
wentutlon of * Vesuvina according to Strabo," given ia Pogeemberif's Autalen der 
Physik, Bd, xxxvii, S. 190, "Infel LA very late writer, Dio Cassius, wnder 
Seytimlas Severus, wns the first to discuss, net the origination of several sume 
mits, as has often been asserted, bat the first who tried to show bow in coune 
‘of time the form of the summit has altered, He recalls (quite in oumdicmatioa 
‘of what had been said by Strato) that feermerly the meuntain had an ererywhera 
fiat summit. Hie words (lib Ixvi. cap 21, ed Stura, vol iv 1824, p 240) 
are to this effect: —" Fer Vesuvins is situated on the sea near Naples, and has 
wlundant sources of fre. The whole mountain was fermeriy of equal height, 
ul the fice reve out af its middle; for fs that part caly it fs burning, jis whois 
ovtalde being free from fire, Siooe then the exterior is always withoat fire, 
hile the interior is parched with beat and turned imo ashes; the ‘poluted yuurts 
wromed have hitherto retained their anckest height, while the whste fiery tealite, 
crammed by time, has sunk dows and beecene hallow, 40 that, 06 cotnpare great 
Ahiogs with small, the mountain resetnbien we ainphithestre” (Compare Stir 
Yo vi. annot ii, p. 668.) ‘This is a euillchently clear devaripelen of thoes parte 
ef the mountain which singe the year 79, hwve tecome tbe crater-taargins. The 
interpretation which refers this passage to the Atrie del Cavallo appears to me 
incorrect. According to the excellent hypsceetric investigation made in 1853 
by the rllve and Qatingsished Olmiis astroncener, Julius Schmidt, Punta 
Navone of the Somme is S772 feet high; the Atrio del Cavallo at the thot of 
Tanta Nascar, 2666 feet) abd Punta, or Itooes, del Valo (tbe highest athern 
exstecvinargin of Vestvins), 9990 fout. My barometric tomanuresmeuts ln 162 
(Ambetiten dee Natur, BA ii, § 290—202) gwre for the sine: three polate 
S746, 2577, apt 4022 feet (ide differences wre 26, 89), and 32 fet), The 
floor of the Atco del Cavallo has unlergeus great alterations of level! since ‘ther 
eruption in Yebruary 1850, according to Julius Sebmubls (ruption de Vesura 
iat Mai 1805, 8, 90). 

(*) p 408. — Veilelua Paterenlus, who died unter Tiberius, dons, tedlend 
(4.90), mame Veuvins ma the moastain which Spartaon coupled with tile 
fpladistors; whereas Pintarch, in the bhogenphy of Crassus, exp, Ul, apeales only 
fn locality camblat rocks having « elngle narrow entrance, The servile wer uf 
Byartaens was in the your of Rowe G81, therefore 152 yours betoro Pliny's 
eruption of Vesurins, on the 24th of August 70 am, That Vlerus— a writer 
Hiring unler Trajan, and who, tberedare, being coguisant of the eruption just 
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2 cower which haw lain forth in the granite rear Mamaat, and is cilled Le 
Gourde Tecema (Bemat, in the Mem de la Sue. Géol de Fraser, tL 184 
FLIP) Sel mere to the mmuth than the grup of the Castal, and ther 
peacret te the sea, at a distance fran it of about seventy miles, is the sexall 
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voloanic dintriet of La Guivlle, near the Monts d'Awbeac, north-west of Chinas, 
Comnnpare the Carte péslogique de France, 1841. 

QF) [414 —Hamboldt, Aule Centrale, tf p 761, 916, and 335— 
64; Koumes, Bd. i. $254 (English edition, p. 992, 289), I find the Alpine 
Jake of Iesikal, on the northern slope of the ‘Thian-sthan, whieh has caly 
recently been reached by Ruslan travellers, already smarked on the celebrated 
‘Cetalonlan Map of 1374, which is preserved wa « gem ainong the manuserite 
of the Paris Titmury. Strablenberg, in his work entitled “Der intindliche und 
@tlicke Theil von Europa usd Asien" (Stockholm, 1790, 8, 927), hus the merit 
of having been the firs to represent the ‘Thian.echan ax ani independent chala, 
but without recognising in ft volcanic activity, He gave it the very tedeflolte 
ame of Monsast, which, inasmuch as the Bolor chale hed the general un- 
fotividuallsing name of Mustag, signifying snow, gave occasion fiw anctber 
eentary to erreoerus representations api a bed and contradictory tet of mains 
for te mountain ranges north of the Himalaya, causing the chains whicls follow 
pardiels of Iatitude, aod thoie which fellow the direetion of the meridia, to be 
emfimmded with each other: Miusart is a cocruptiva of the Tartar weed Mox- 
tag, whieh has the same reeaning as our Saow mountaion, Kiera Nevada of the 
Spanlants; Himalaya in the Institutes of Mem, habitation (lays) of eeow 
{litma); apd the Size-schas of the Chinese Eleven Imedeed yearn bedure 
‘Strablenterg, under the dynasty of the Sui, in the time ef the Mrunkish king 
Dhagelert, the Chinese possessed maps, constructed by the order of thelr governs 
smenit, of the countries from the Yellow River te the Casplan Sea, on whieh the 
‘Koowo-ban and the Thian-schen were drawn, As I thick 1 heave shown slaewhvere 
(Ale Contras, tl. p 115129, 194—2e9, and tL 419 to 425), It wee 
toe two ranges of meantains, and expecially the fret, whieh, when the sare 
of the Macedonian armies brought the Greeks into nenrer acjualatancesb’p wit 
tie Interlor of Asis, speead among their geographers the knowledge of & bell of 
sreuntalne dividing the coatlzent Into twe parts, and extenting fren Asla Minot 
to the Bastern Sea, from Lolis wad Seytlila to Thine. (Strabo, ti, k yag, 68, 
‘Ub. SL pag, 490.) Dicrarches, and afer lim Eratosthenes, calied this chain 
the pevlengation of the Taurus ‘The Himalayan were fnebuded! be tld degra 
Lat, Strabo says expressly (lib, xv. pag. 689), " Todin is bundled en the north, 
from Ariana to the Eastern Sea, by the extremities of the Twarms, whieh the 
patlves call eeveralty Parepamises, Emodon, Tmace, and other sarees, but which 
tht Macolealaad eal) Ceocarus” He had anid peevlonily (ib. x, pag. 619), fe 
tle description of Bactrlana and Boptions: “The last part of the Twanss, whieh 
ip called Tinace, touches the Indlan (Eaters ?) Sea." ‘The names of * beyond” 
and * within the Tantus” referred to the belief in what was wppound to be a 
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Aingle west and eaat chain, Strabo cays: “The Hellones term the balf of Asi 
which slopas to tho north the Hither Side of the Taures, and that towards the 
worth the Beyoad Taures™ (lib. il. p.129). Bat in the later tees of Pisieny, 
whee ceensnerce, and especlally the trade ix allk, bad become setive, the tame 
Tina wos tratmGorred to a meridian chain, that of Bodor, ax ts shown by maxy 
passages in the sisth book. (Asie Centr ti p 146—162) The feeb 
which, neccetiag to Hetienie views, the Tauras mountains parallel to the eyasher 
‘were ruppened te divide the whele ceatinent, wns first termed, by Diemarchss 1 
discipe of the Stagirite, “ s diaphragm,” or dividing~mall, because the grogra- 
qhiea! latitude of other pelts coal be measured by perpendicular lines tries 
tit, The Disphrages was the pamilel of Rhodes prolonged, to the westme! 
to the Pillars of Hereules, and to the eastwanl to the comst of Thine (Age 
themercs, in Hudson's Geogr. Gr, Min vol. ii pi 4.) “The Diapheam, o 
™ Divider,” of Dicsearchus, alike interesting in geographical and is cexgrapbiess 
respects, paused into the work of Eratosthenes, whece be refers to it in the tht 
took of deveriptive geograply, in explaining his table of the lnckabitel worl 
Strnbo attaches 2o much Importance to this line that (in lib L jy 65) bessyw 
Its eastern prolongation teyced ‘Thins throsgh the Atlantic Sea tay pemilly 
bo the site of another inhabited world, or even of several weeks,” though be dos 
‘ot, strictly peaking, predict the existence of such. It may exeibe mnepeise the 
the should use the wand " Atlantic" instead of Eastern: Sea, the name sunally 
‘ven to the Pacifie Ocean; bat as eur Indian Sta south of Bengal is called i 
Stedo* the Atlantic South Sea” the two seas, which were istnnsed 6 exile 
the south-east of India, were often confounded Ths tx iby i ph 130 Bb 
tad, “dia, the grentest nnd moet faroared of Isnds, whieh terminates tthe 
Eastern Sea and ot the Atlantic Siath Seay etd in bay, p 649, “The 


into the Atlantic Sea" is which last passage, as well ao in thet 
reed to relative to Thicae (lib. i. p. 65), the exprenaion of Busters Se 
avoided, Having been constantly ocowpied, silmen the yrur 


. ome may well be compacted wit thove tevations and bags 
of of many years, Eile de Beautncot, v6 profoemlly mojesiainl 
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With all relations of geological direction, is, on grounds of ™ lea drorsismun;* 
Oyjered.t0.theve siewn (Notice sur Jes Syettmes de Montagnes, 1852, tii, 
4 667) 

C7) p45. — Kosmos, BA iv, 8.382 (English edition, p. 838). 

(7) peAlS.— Compare Arago, “Sar Ie canso de is dépression dune 
grande partie de I'Asie et sur le phioomine que les pentes les plas rapides dos 
hatees de moctagnes saat (gémicalement) townaées vers la inet la plus rolsine,” 
in bia Astromcenie popalairo, t. iii. p. 1266—1274. 

) PAL, — Klaproth, Asia polygletta, p. 232; and Mémoires relatifs 
HAsie (taken from the Chinese Eneyelopedia published by the orders of the 
Roper Kanghi ia 1711), Ji, p $42; Humboblt, Asie Centrale, t. SL p. 126 
apd 135-14. 

(°°) p 416. — Pallas, Zongraphin Roaso-Asiaticn, 1811, 215. 

(7) p.417. — Volowsic activity, instead of appearing in the Himalaya eluln 
whieh le nearer to the ota (some parts of it, between the colossal Kinchinjings 
aed Schamnaleri, appronch within 428 and 376 geoge, miles of the Bay of 
Lengel), does not show itself until the third inland. parallel chala, the Thian- 
schan, almost four times ax far; apd it thas there beuken focth amnang very 
‘peculiar cércemutances of ceighbonring depressicns which bavo overthrown atnila 
send caused Gowures, We koow from the stvdy, by Stanislas Julien, of Chinese 
geographical works, that the Knon-lun, the northern beundary of ‘Thibet, the 
‘Tebschi-echan of the Mongols, has, in the Bill Schin-khiea, a bellow which 
pends forth a constant fame, (Asie Centrale, & ik, yp 427—467 nnd 463.) 
This yhwnreenca appears to be quite auslogons to that of the Chienmra of 
Lycia, 90 often refecrod. to, which lias burnt for thoasands of years (eee shore, 
Note 370); it ia cot properly a volcano, but a! freorpriag,” wldeh diffuns to m 
distance « awoetesinalling olour (letived from naphtha(?)). ‘The Kueselan, 
which Dy, Thomas Thoessct, the loamed botanist ef Western Thibes (ioc 
Indien, 1896, p. 253), treats (just os 1 have dose in my Ask Ceatraly, 1 6 
p 127, and t. li, ASL) a8  coutinuathn of the Mindoo-Kho, wits whieh the 
Himalaya, cotniieg from the soath-east, inevte and uniter, approaches #0 near to 
the Aast-tnentioned chake at ite western extremity, thet my feleud Adolph 
‘Scbilagintwelt regante * the Kors-lun and Hlmaleya, on the weet of the Ladin, 
neh as woparate chains, but as forming coe mane ef econstalna” (Report, No. 1X, 
of the Magnetio Sarrey bs Tota, by Adctph Schlagintwelt, 1856, ps G1.) 
‘Throvg bret a divtance whieh exteads to 92° 2. Jongitude, townnls the * Starsy 
Soa or Lake of the Kueoslany as we Jeu by detailol descriptions drawn xp 
ke tho seventh century eader the dynasty of the Sel (Klaproth, Tablomns hist, 
de I'Aake, p 206), forsee a5 ent and werst parallel chain about 74° of lativate 
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Aistact from the Himalyys. The bretherg Hermann and Robert Scblaciatwet 
‘were the fest who, in the months of Jaly to September 1856, soeceedet ba the 
aiveaturons attempé of procending frrm Ladak across the range of the Kae 
Jun, and reaching the territory of Khetan. According to these. always carl 
‘observers, the strike of the highest water-dividing range at the sorthera bec 
dary of Thidet, and oa which the Karakerum Pass, 18,300 feet high, is aitsatel 
in SE—N.W., therefore parallel to the portices of the Himalaya, which is eve 
aguinat it (4. ¢. that to the west of Dhawalaghr), ‘The rivers of Yarkaal and 
Karakasoh, which foes part o€ the great water-aystem of the Tarim and Labe 
Lep, take their rise eo the north-eastern declivity o€ the Karakersm ehais 
From the area of this syeter of waters, the travellers passed over Kisilkore, 
and Wy the Hot Springs (49° cent, 110°2 Fahrenheit), to the little Alpine 
loko of Kisk-kinl in the east and west Knenten cage, (Report of Mag. Se 
vey, No VIEL Ages, 1857, p. 6.) 

(*) p 418. — Kosmos, Bd. i & 27, 48, 181) Ba. iv, S. 34—47, 166— 
169, and 369, mit Anm. 39 and 40 Cag SOEs SOE are a 
ytesent volume, Notes 33—47, 463, and 464). 

@") p 418. — Arago (Astron. popalalre, &. HL p. 248) mswumnes abnont the 
vain thickness for the crust of the earth: 40,000 metres, sbont 5} Gere 
covet. mle, or 22 English; Eile de Beaumont (Syathees de Moatageey, & 
p. 1997) makes the thickness ome Soorth greater. ‘The earliewt-tade asempibn 
was that of Condier, in mean value 14 German of 56 English gengraglheal wile: 
Mopkins's Mathematical Theory of Stability weald require it to fall betwen 
635 and 860 English geographical miles. On geological greands, I fully c= 
car with Naumann's doubts of 0 enormous a distance between the finid ie 
‘terlor and the craters of active yoloances. ‘Seo iis excellent Letrback der 


yrery, mod by Field, of the preaeceo of silver in seanwater. ‘Netwith- 


trees tit 
the copper-sheathing of vessels. 
p. 420.— Bansen, Ueber die ebemischen Poms deeplioaaios 
sbildungon, Poggend. Annaten, Bd. Ixxxii. S. 9242 and 246, 
— Comptes readas de Acad. des Scieeons, t. x8. 1866, p86 
: Sint exact analyels of the gus which levwes forth with male 
fron th era tara of Poszuoll, and which was callected with much df 
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culty by Charles Sainte-Cialre Deville, gave: of sulpburons acid (acide wolfa~ 
veux), 26°5; oxygen, 14°5; and nitrogen, 61-4, 

0") pr 420. — Kosmos, Ba. iv, & 255—261. (Engilsh etition, present 
‘volume, p. 209—215), 

@) p 420. — Boussinganlt, Woonomie rurale (1851), t. Il p. 724, 726: 
La permanence des orages dans le sein de Tatinosphire (sous lea tropiques) est 
‘uss fait cupitad, parce quill so rattache A une dos questions lex plas importantes 
Ge In physique du glide, colle de te fixation de Tasote de Yair dans Jes teres 
‘corguninds, Toutes lea fois qu'une série d'étincelles Slectriques passe dane S'xir 
tummide, it ym peodoction et combinaison d'acide nitrique et d'ammeniaque, Le 
nitesto d'ammonisque sccompagne constamment Mean des ploies dionge, et 
comme Sie par sa nmaturo il ne saurait se malntenir & Tétat de vapeur; on 
signsle dans Talr du carbonate ammoniacal, et Tanmonlague du nitrate est 
amends sur la terre par Ia pluie. Ainsi, en définitive, ce serait une sctlen 
Avetrique, le foadre, qui disposernit Je gaz azote de Yatmopbire a s'assimiler 
‘eux Gres organisés, Dans la none équinoxiale, pendant Vanndo entire, tous 
Jos jours, probablement mime toun les instants, {1 se fait dans Nair woe ecatinaité 
do Uéedurges Slectriques, Un obserrateur plaoé & I'équateur, sil était dout 
erganes asses sensibles, y entendrait continueltement le bruit du tonnerre.” 
Tui mal-ammonine, as well as muriate of soda, is occasionally found, as a subl- 
teation product of volcanoes, co streams of lava themselves: on Htecls, Vewsvins, 
and Etma; in the Gnatemale volcanic chain (os the wileano of Talo); ant, 
above all, in Asia in the veleanic chain of the Thisn-achan, ‘The inhabitants of 
the district between Katech, Tarfan, and Ham pay thelr tribate to the ereperoe 
of China tm seene yeart fx sal-xmnmoniae (in Chinese neo-seba, in Persian tine 
sells), which is an leopertant article of forvign trade, (Aske Central, ti, 
p83, 94, 45, ant 428.) 

U™) p 421, — Viajes de Boumingoult (1849), ». 73. 

(#) p421,—Kounon, Bu, k 8 295 amd 469 (English edition, p. 270, nial 
Note 326). 

(C*) p. 422, — Roaet, Mémoire ene les Volemns d'Auvergne, lm the Ménslres 
de Ia See, Géol. de France, 2° afrie, ti, 1844, pp 64 and 120—190: “ Lay 
‘basaltes (ceentee les trnchytes) ont perod to gasina, bv granite, le terval bonilier, 
Ye terrain terthalre, et Jes plus mnciens déptes diluviess. On volt, mitine bes 
Aasalios reeonvrir souvent des mame de cailleas rocks bamlthques; ile sant 
sertis par une indnité dvuverteros deat plaslenrs sont encore parfaiterent (7) 
recommalambles, Bewnooup peisetent des chines de sceries plas oa moins cen» 
shbératilen, tmals on n'y trouve jairals des crathren semblibles & ceux qui cat 
doned dee coulées do laren, 6 es 
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(™) p 422. —Lilee tbe granite pleses enveloped in the trachytes of Jonnie 
Kounos, Bd, ir. S. 345 (English editice, peeseat velama, p. 300—301). 

() p. 429. — Also in the Eifel, acconding to the Sigh amtlelty of Beg- 
bawpemans veo Decben. Kovtnes, Bd jv. & 291 (present velumie, p. 235), 

(7°) p 422. — Kowmos, Bu. tr. S. 357 (present volume, p. 512). The Bio 
de Graillatamba flows into the Bio de las Exmeraldas, ‘The village of Guslls- 
bainba, near which I found the isslated basstts coetaising olivine, la oly 6908 
feet aborw the eta. Tho bent in this valley ix extremely oppressive, and 2 is 
still worse in the Valle de Chota, between Tusa and the Villa de Sharra, of 
which the lowest part is Galy 5288 fott above thie bea, albd which may rxther be 
called 2 deep cleft than a valley, being rather under 9600 feet wide, and fally 
4800 feet deep (Humboldt, Rec. d'Obserr. astrenciiques, vol. 7. p. $07.) The 
ecaption of fragments called Volown da Ansangs, oa the declivity of Astinams, 
is not a formation of basalt; they cooiist of a trachyte containing otigoclase, axl 
bearing some resemblance to a basalt. On the matual aveidsice, or “astagy 
tiscne dew taxaltes et des trachytes,” see ny Essal péogmostique sur te glscemest 
des Roches, 1823, p. $48 and 309, and, in general, p 327396. 

C™) p. 425, Sébastien Whee, Expleeation du Volcan do Sangey, fo the 
Comptes rendus de I'Aced. des Sciences, t. xxxvl. (1853) p. 721; compare ale 
Koro, Bd. iv. S292, Anm. 40, and & 301—303 (English edition, ps, 
and Note 364). According to Bonssinganlt, the erupted fragments browgh beck 
‘by Wisse, and which were collected on the upper partion of the deelivity of the 
cone (tho traveller reached x beighit of 960 feet below the sumesit, whick bu 
itself a diameter of 486 fort), consist of a black pitch-Itke substance, i which 
aro embedded oryatals of glassy (?) felspar. A very remarkable pluenosyen, 
uoiqne, 1 belies, in vloasi eruptions, @ far hs we are at pooeent amas, Us, 

ith these lange black pieces of trachyte, amall angular poeces of jos 


and Mexico, nnd even those trachytio porpliyries ls which the shi 
ins of Real del Monte, Moran, and Bagla, verth of the bigh valiey 
, coeur, are entirely without quarts. Notwithatanding this appaomt 


x h thes have burst forth from flkoures is, however, doubtless « made of 
ae ihe 
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origin altogether diferent from the fortnation of conical or doroe-shaped trachytic 
frameworks. 

(*) p. 425.—Kosmos, Bd. iv, 8. 276-280 (Hnglish edition, p, 290—234). 

(™) p. 426.—Tho most complete nccont, based oo aetual mensuremente 
of heights and angles of inclination and on wections, which we passes foe 
any volcanic district, is thot which we owe to the fine isvestignilons of the 
‘Okmilte astronomer Julius Schmidt, of Vowavius, the Solfatarn, the Moate 
Nooro, the Astroni, Rocca Monfina, and the anclent veleances of the Papal 
States (iu the Alban Till, Lago Bracciano, and Lago &i Boltena); see Jullue 
Sehinidt’s work, “ Die Eraption dew Vesuvs im Mai 1855;" and in the accem- 
ponyling Avias, Plates TIL, IV, wn IX. 

(™) p. 426. —In the progremive advances which barn been made in eur 
Anewledge of the surface of the moon, from Tebias Mayer to Lehrman, Miller, 
and Jelius Schmidt, the belief in the grent analogins between the terrestrial and 
lunar yoloanic frameworks bas, on the whole, rather lessened thas increasedy 
‘not so much on account of relations of dimension and early recoguilenl inter 
arrangement of go many annular forms, aa ec account of the * rilla* and of the 
™ aystems of rays,” which cast no shadows, and are more than four bandeed miles 
Jong, and from two to sixteen miles broad: as in Tycho, Copernicus, Kepler, att 
Aristarchas, It is interesting to avthoe that Galileo, in his letter to Pater 
Christopher Grienierger “ Salle Moatoasith della Lana" coopared the Feuwr 
Ming Mountalas, whoee diameters be believed to bo groster than they really are, 
to the mountals-encircled land of Bobemiia; and that the ingenious Mobert 
Hooke, in hie Mlerographia, eacribel the circular type, which prevails ve largely 
com the moon's warfhoe, to the renction of the interior of the Lunar globe wpe its 
raterior, (Kenton, De, Ul. 8 $06; and 14, ii, S 508 ned 544: English either, 
0h Hl, pe 549; apd vo. ll. p. 965, wasd Note 683.) In rogard to the Ring Mow 
tains of the msea, T bave, in recent yours, felt « lively interest in the qumtiea 
of th rolatire heights of tho central metuts and the exclreling ridges oe exater= 
moargiew, and in the exltence cf paritie eraters om the encireling Hdge ite: 
‘The rewult of all the careful cheervations of Julina Schmidt, who Ie engaged ln 
contluning and completiag Lalimann's Topageaphy of the Moon, is to the effect: 
—" That ia oo single ease does the coe central mount attale a height equal to 
iat of ita surrounding crater-ull; and that it le pecbable that i all ease the 
sutntnlt of the central toount le even considerably below tle earface of the moon 
rows which the erater has broken forth.” Whereas the cone of scorie within 
the crater of Vesurius, which rose up on the 22nd of October 1822, nccerding 
to Betowehi's trigoaometrical meaturement passes the Punta Gel Palo (the bighe 

gt 





elit NOTES. 


cot part of the crater-enangin) by about thirty feet, and can be seen from Neples, 
c@ the moon, on the contrary, many of the central mounts, as seeusured by 
‘Miilior and by Schmidt, are fully 1000 toises (about 6400 feet) lower thiam the 
mean height of the encircling ridge, and even 100 totes below what may 
‘be supposed to be the mean level of the general surface of that part of the 
mood, (Sadler, is Schumacher's Jahrbuch for 1842, & 272 aed 274; ant 
Julins Schmidt's * Der Mond,” 1856, & 62.) The Iuner central amounts, or 
it may perhaps rather be said “central masses of momztaing,” have wwally 
several summits: as in Theophitus, Petavius, and Bofliald, There are six 
central mounts in Copernicus, while Alphons alene shows one regular cextril 
peak with a sharp-poloted summit. The above relations remiad es of the 
Avtroni in the Phlegewan Fields, to whose dome-shaped central masses Veo 
Buch fustly attributed great importance. “Thess masses (Ike the costes! 
‘masses in the Ring Mountains in the moon) did not barst forth; no permaneen 
‘eouneetion with the interior, no volesno was formed; but rather, ax ft were, 
model on & amnll scale of thove grent trachytic meopermd decnes, as Puy de Tile 
and Chimborazo, which are #0 variously distributed orec te eurili's mrface” 
(Poggendoris Annalon, Ba, xxxvii, 1836, S 183.) The encircling margin of 
the Astroni bas everywhere the form of a clove’ ellipse, sever rising bigher ther 
130 toises (831 foet) above the lerel of the sos. The summits of the crates! 
domes nre 658 feet lower than the higheet part of the south-westeen erate. wall 
‘The domes form toro parallel ridges clothed with thick bnshes. (Salias Setsualt, 
“ Ernption des Vesuvs,” S. 147; and the exme author's * Der Mood," 5. 70 sal 
109.) Ono of the most remarkable objects on the moon's surface fs the King 
Mountain Potavins, in which the whole interior crater-floor has expanded Ta 
cones form, and yet is crowned by # central mount, Tho comveaity, resessbling 
18 blister-fike swelling, is bere a permanent form. In oar terrestrial yeleumies 
it i only temporarily that the crater-floor is sometimes so Leilated by the force 
of the vapours beneath as to rise almost to the height of the erater-marginy bet 
fs the vapours break through and burst forth, the Jaflsted oor sinks dawn 
aguin, ‘The greatest diameters of terrestrial craters are those of the Caldsira de 
Fogo, according to Charles Deville 4100 tolses (4° gengr. miles); anid she Cul- 
deira of Palma, according to Leopold yon Buch, 3100 tolses; whereas, om the 
tnoon, Theophilus is 60,000 toives, snd Tycho 43,000 tolses (oe reapectivety 52 
and 45°2 goog, miles). Purnsitical secondary craters, which Rave broken firs 
on a marginal wall of w great center, are very frequect on the roca ‘The arater- 
Hoor in these parasites is usually empty, as on the great rent-awesder mance 
of Mwurolycus; it is moro rare to see a small central mount, perhaps a cose of 
‘eruption, as in Leogomontanus, In a fine skete of the erater-ayetem ef Bien 
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gent to me, in August 1854, from Flensbang, by my friend the sstronomer 
Christian Peters (now at Albany in Nocth America), one can distinctly recognise 
the parnsitical margin-ceater (called Poaz0 di Fuoo) which was formed on the 
E.SE. side In Jannary 1833, and bad seversl strong eruptions of tava until 
1843. 

() p A427. — The little-charscteristic indefinite name of teachyte (reuglt 
stone), which is now so generally given to the rock in which volcanoes brewk 
figth, was frst applied by Hany in 1822, in the second edition of his Truité de 
Mindealogio, vol. iy. p. G79, to e rock of Auvergne, and merely accompanied by 
‘s notice of the deriation of the name, and » short deseription in whic there is 
‘te mention of the older designations: " geanite ehanité en place" of Desmarets, 
*teap-porphyry,” and “domnite,” Previously to 1822, however, the name had 
toes Known ia veebal communications occasioned by Hauy's lectures im the 
Anodin dos Plantes ; and. it xppeses in Von Buch's Memoir on Basaltic Ialands 
aod Elevation.Craters, published in 1818; In Danbuisson's Traité de Minéralogie, 
1819;,and in Beodant’s important work,  Vogage en Hosgri.” From friendly 
Jetters very recently received from Elie de Beaumont, the recollections ef M. 
Dolafoese, furmerly Aide-Naturaliste to Hany, and now Membre do l'Institut, 
‘wonld enrry the use of the name back to between 1813 and 1816. The publi 
ation of the name “ domite,” by Von Buch, seems, according to Ewald, to belong 
to 1809) domite is Grat mentioned in the third letter to Karsten (Geognostisctio 
Tieobachtungen auf Reisen durch Deotschland und Italien, Ba. fi, 1809, 8 244), 
Ik i there maid; —“ The porphyry of the Puy de Dime is a prcoliar kind of 
rook, hitherto without a name, consisting of felspar crystals with glawy Jostre, 
hornblende, and black lamin of mica, In the cracks and clefts of this rock, 
which I will call provisionally domite, there are five drasic eavitles whoee walla 
‘are covered with crystals of forrugioous mica. In the whele length of the Puy, 
cones of domite alternate with cones of scotia.” The second volume of the 
‘Travels, which contains the letters from Auvergne, was printed In 1806, bat mat 
published until 1809, which is therefore, strictly speaking, the date of the 
publication of the mame. It is singular that in Von Buch's memoir four years 
Inter, * Usher den Trnpp-Porphyr,” domite is no longer spoken of. In referring, 
in the teat, to a profile of the Cordiileras contained in the joarnal of my trnrels 
for July 19, extending from 4° N. to 4° S, and loseribed *Aftinité entre fo 
Feu yolonnique ot les Porphyres,” my wish was to recall that it was this peofle 
— which ropersents the three berakings-throagh of the voloanlo groupe of 
Popayan, Loe Paster, and Quito, and the oatbarst of teup-poephyry bs the granite 
wind micavslate of the Param de Assuay (near the Cadel Road, at a hetght of 
15,526 feet), — which led Leopald rea Buch to ascribe to me caly too decMelly 
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sod Kindly the Geet recognition that “ all the vuleanoes of the Andes Bare their 
seat ins porphyry which isa peculiar rock, and belongs essentially to volcanic 
formations.” (Abhandlongen der Akademie der Wiss, au Berlin, for 1812— 
1813, 8. 131, 151, and 153.) T may, indeed, have expressed the phenomens 
‘with most generality; but, as early as 1789, Nese, whose meriis were long un- 
recognised, lind, in his “ Orographio Letters,” described the voleanie rot of the 
Siebengebinge a8 “a peculiar kind of honksh porphyry, pearly allied to basalt an 
porphyritic schist" He says that this formation is particularly eharséterised 
by glassy felspar, which he proposes 10 onll eanidine, and that, by ite age, ft 
belongs to the middle-flots stenta. CNiedereheinischo Reise, TR 1. S 26, 25, 
and 47; Th. 1. 6 42%) Jam inclined to think that Von Back was muistake: 
fin stating that Nove recognised this porphyritic formation (whied be not very 
happily calls “ granite-porphyry ") and basalts ax being younger ban the sievt 
recent flaite-strata. ‘Tho groat early-remored geognont éaid: “The whele reek 
ought to be named from the ghtsey folspar (therefore tanidine-perphyry), if & 
had sot alresdy the name of trep-porphyry:” (Abb. dee Berl, Ake. for 1812 
1513, 8. 134.) The history of the systematic nomenclatere of ws science i 


not withont some importance, Inastouch as it reflects the succbstioe of prevalling 
opinions. 
(@*) p 427, —Hamboldt, Kleinero Schriften, Bd. i Vorredé; STiL—r. 
() p. 498,—Leop. von Boch, in Poggendorff'y Annales, Bi. xxxvil. 1806, 
8 188 and 190, 


(7) p. 428. —Gustay Rove in Gilbert's Annalen, Bd. 73, 1823, $0 173, ant 
Annales de Chimie ot do Physique, t. xxiv. 1823, p16, Ofigeclase was frit 
proposed as a new mineral epecies by Breithsapt. (Poggendoris Assalen, BA. 
viii, 1828, 5 99%.) Subsequently cligotlase appeared to be fdestiead with 
‘a mineral which Berzolina oteerved in w granite dyke in guess, near Stock- 
holm, and which, on account of similarity of chemical composition, he had ealind 
“ Natron Spodumen.” (Poggendorff's Ann, Bd. ix. 1827, 8 251.) 9 
@™) pp 429,—See Gastar Rove on the granite of the Riesengebings, in Pare. 
Ann. Bd, fri. 1842, S. 617, Berselins had only found oligeclave, Bis “ Nate 
Spolumen,” in a granite dyko; it is in the abore-cied memoir that % iy Got 
spoken of ins em ingrodiont of gratite (of the rock itself). Gusta Tse deter- 
saline! oligoclase by its specific weight, the larger quantity of Time contalned ix 
tin compsrison with albite, and fts grenter fusibility. A specimen, of whieh 
1be iad found the specific gravity 2°682, waa analysed by Ranimiliberg. (Hand 
‘wiirterbuch der Mineral. Sappl 1. 8.104; and G. Rosa, Ueber de sir 
gebieenden Gebirgsarten, In der daitace der Detechen pol, Geile, Bd 
1.1849, 8. 964.) 
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C*) fp 490,— Tenet, sur lew Velcans de TAuvergne, in the Mén. de Ia Sees 
Géologique de France, Sima Séeie, t. i. p. i. 1844, p69. 

() 6490, — Fragments of leucite-ophyr, collected by me on Monte Noove, 
hove been deseribed by Gastay Rese im Fried. Hoffman's Geegnastischen Bes- 
dachtungen, 1839, 8 219. On the tmehytes of the Monte di Proclda, ln the 
inland of the same nuine, and en the recky shoal of S. Martino, see Roth, Mano- 
graphio des Vesa, 1857, & 619 —522, ‘Tab, vill, The trachyto of the taland 
‘of Ischia contains, in the Arve or lnvn-current of Cremate (1301), glassy felepar, 
Leown mica, green augite, magnetic ire, and olivine (S. $28); no lencite, 

07) B 430.—Tho geolego-topographical relations of the Siebengebirge 
near Donm have teen developed and described, with generalising eagucity and 
rent exactness, by my friend Berghauptinann Hf. von Deebea, tn the 9th 
year's werles of the Verbandlungen des naturshistoriachen Vervines der pros. 
Rhelntands und Westpbalves, 1852, 8 289-567, All the chemical atalyeea 
‘of the trachytes of tbe Siebengebirge which have yet appeared are collected there 
(5. 323—S856); and some account ls given of the trachytes of the Dirachenfots 
ond Roxteben, in which, besides the lange crystals ef sanidive, many sual crys 
talline particles can be ditingaiabed in the ground mam, * These were recog 
leet by Dr, Bothe, ty chemical analyses perfeerned in Ditscherlich's laberatery, 
to be cligoclase ; in entire agreement with the ollgoclase of Danviketoll (omar 
Stochholn), cited by Boruniies.” (Dechen, 8. 340— 246.) The Wollbeaberg. 
nod the Stenzelberg are without glamy felopar (357 and 363), and belong net 
to the second divislen but te the ihind; they present a Toucs eck, Many new 
‘views are contained in the section of the “ Geogacatinchen Bescheribeng des Sie 
bengebizges,” which treats of tho relative age of temchytic and basaltic conglhome 
rates (S,405—461). “Besides the mare rare dykes of trachyto, in the trackythe 
conglomerntes, mbich alow that after the deposition of the conglemernte the fore 
mation of trachyte still coatinned to take place (S413), there are freee 
Ayhes of bamlt (416). The frmention of basalt decidedly comes down to x later 
‘period than that of trschyte, and the peincipal mass of basalt is bere younger 
than the trachyte, Qu the tier hand, ft ls only a portion of this basalt —cot 
all tavalt (S125), — which ts younger than the great mass of Che bewwn coal. 
‘The two ferrnations, banalt weal bewwn coal, run Leto ench other tn the Sivbenge- 
bing, aa in so many ether places, and are to be looked upos, en the whole, as c= 
temporanecus.” Whece very ainall eryutals of quarts appear nen rutity in the 
Iracliytes of the Siebengehirgs, ax they do aceenting to Noggeemh aad Bisebit 
Jn the Dracheafets and in the Khundorfer Tal, they fll cavities, and seen te be 
of later formation (S. 961 aud 970): perhaps they have been predated by the 
‘reathecing of the sanidine Qu Chimburnzo I once saw slinilar but very this 
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epositicas of quartz on the aides of the exvisien in seme very porues buick-ent 
trachytic masses, at an elevation of about 17,000 feet. (Hombsldt, Gisernent 
des Roches, 1823, p. 936.) Those pleces, which ave repeatedly mentions! in 
my journal, are not in the Berlin collections. Weathering of eligoclase, or of the 
whole groand-mass of the rock, may also give rise to such traces of five silicic 
‘acid. ‘Some points in the Siebengebirge still deserve, freab and persevering ex. 
amination, ‘The highest summit, the Liwenberg, spoken of ma baasit, apes, 
Ly the snalpais of Bischof and Kjerulf, to be a doleritio rock, (EL von Dechen, 
‘$483, 386, and 393.) The reek of the little Rosenan, which bas scenetiones 
bron called Sanidophyr, belongs, according to G. Rese, to the first divinien of hiv 
trachytes, and is very nearly related to trachyten of the Ponsa Islands. The 
trchyte of the Drachenfels, with large crystals of glassy felspar, appears ty 
resemble tnost neatly (according to Abich's observations, which unfortunately 
re not yet published) that of Dsyadserly dagh, 8500 feet high, witich riey 
to the north of the great Arural, out of a aumrnulite formation, having under 
tying Devoninn strats. 

(™) p.431.—The near vicinity of Cape Pendiea, en the faland of gina, te 
the bevwnlsh-red Trorsene-trachytes of the peninsula of Methana (Reames, Bul. 
iy. S273, Anm. 86; English edition, p 227, and Note 310), and to the exfplnrs 
springs of Bromolimmi, renders it probable that the trachyten ef Methaas, a» 
well as those of the island of Kalnuria, near the little town of Poros, belong to 
the saine third division of G. Rose (oligoclase, with hornblende and mica). 
Kurtins, Peloponnesos, Bd. li, S489 and 446, Tabvaxiv. 

(™) p 431. — Seo the excellent geological map of the coustry romnl Sebem- 
nite, by Bergrath Johann von Peltko, 1852, and the Abhandl. der Ik. Ac, geal 
glschen Keichsnvstalt, Bd. fi, 1855, Abth. iS. 3. 

(*) p. 431.— Kosmos, Ba. iv, S. 427, Anm. 7; English edition, p 386, 
and Note 531. 

() p. 431, — The basaltio columns of Pisoja, the felspathie part of which 
hax boon analyved by Francis (Poggend, Annalen, Ba. Gi 1841, S474), eed 
which are situated near the bank of the Cauca River, in the plains of Amelases 
(not fir from the Pusblos de Ste. Barbara and Marmats), consist of « socmewhat 
altered oligoclase in large Line erystals, and sunall erystals of Borablende, Nesely 
allied to this mixture sro; the quartz-containing diorite-poephyry of Mazmaty 
brought home by Degenhardt, and in which Abich called the felspatlibs comstitnent. 
Andesin; the rock without quarts of Cucuruispe, near Marmats, from Doussio- 
gaul’s collection (Charles Sainte.Claire Deville, Etudes de Eithiogse, p29) ¢ 
tho rock which I found in situ twelve geographical miles east of Clirsboraa, 
under the ruins of Oli Riotamba (Humbolit, Kieinere Sobsifteny BA 1, & 161); 
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tod lastly, the rock of the Esterel Moutaina, in tha Depart. du Var (fitie de 
Beaumoat, Explic. de la Carte pfs. ue Frazee, ti. pe 473). 

(™) ys 499.— The febspar in the tenehytes of Teneriifo was fret recognised 
iu 1842, by Charles Deville, who viaited the Canary Islands i the wuturnn of 
that year, See that distleguished geologis's Voyage gésbagique mux Autiiins 
sot wax Theo de Tenivitle ot de Fogo, 1848, p14, 74,0d 169 5 and bia Azalyen 
<u Feldypath de Tenériffe in the Comptes readas de I'Acad, des Se. tai. 1844, 
Bs 46. Me says,” Les travwax de Messra, Gustav Rove et HH. Abich n’eot pas 
prs contribs sous le double polat de vee crystallographique et chimique, h ré- 
panlre do jour sur ler nombreuses varidtda de minérwux qui dtaient comprises 
sous In vague dénomination de febispath. J'ai pes soummettre & Tesalyse des 
eristanx trolés avec avin ot dont Ia densité en divers éehantillons était trbs-tnbe 
foraiment, 2503, 2904, et 2586, C'est Ia premitre fois que le feldspetls 
sligoelase a é¢ indiqué dans les terrains voleaniques, & lexcyption peut-ltre de 
qqebjves-unes des grandes mason de la Conlillies des Andes Il alavalt ée¢ 
slgnali, au mcins d'use manidee certain, que daze Jes coches éeuptives anclennes 
(plaroniques, granites, aydnites, porphyres aydaltiques ... . ); mals dase tes 
trachytes itn Pic de Ténériffe il joue un role analogye b celui du labradoe dans 
Jes masses Gelécitiques de VEtna." Compare aleo Ratnmelsberg, in the Zelt- 
welirift der deutschen geologischen Gesellschaft, Bd, ¥, 1853, & 691, aed the 
4b Sopplemtent to Haedworterbuch der cheminchen Mineralogie, & 245. 

(7%) p 432. —The first deterinination of the height of the great volcano of 
Mexion, Popocatepetl, i610 far as I aim amare, the trigonometric mesauresnent 
wade by ine oo tho 24th of Junnary 1804, in the Llano de Tethnba, The 
fummit ne foamt to be 1836 tolsee above the Liana, and as the latter ks, ace 
cardag to barometrien! determination, 1254 tuises above the const of Vera Crus, 
we bare the nbeclute beight of the voleano 2770 Loleas, or 17,713 leet. The 
darocetrie measurements which fulwel my trigenemnetrical determination, led 
tw the conjectare that the beight of the volcano was atlll greater thas that stated 
by nw be tle Eamal sur la Géogreghio des Plantes, 1807, ps 248, amd los the 
Kanai politique sur ta Nowy, Expagne, t. i, 1825, p 182. William Gece, 
who, ot the 20ch of April 1827, waa the finest to reach the manghs of the orster, 
found the height, acconting to his own calculation (Gneeta del Sol, pabl. en 
Mexico, No 1452), 37,884 English foot (2796 tolets) ; or, according tos correc 
tion by Olarbergrath Burkart, who has dooe se muuch for American hy prometry, 
‘and by eemiparinen with an alimost simultaneous barometric cheervation at Vers 
‘Cres, even 14,011 feet. A barometric measurement hy Samuel Birkbeck (10th 
Nur, 1427), caleulated scoonling to Olimann’s tables, agales gure, boweren, 
VTAS4 feet, weal the exawurement of Alexandre Dolgnon (Gumprecht, Zeltsclrllt 
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fir all. Erdkunde, Ba. iv, 1855, . $90), in almat: too ovurteoms agreement 
with my Tetimba measurencnt, 6403 motres, =17,725 feet. "The pevsent an 
complished Prassian Envoy at Washington, Here von Gereit, bas alko bees 
the top of Popocatepet!, aceempanied by Barua Gres (26th May 1833), and by 
an exact barometric measurement found the height ef the Roca del Fraile below 
the crater 16,892 feet above the sea. A remarkable diiflerence frcen the wheres 
samed hypoometrio resulta, shich have been stated ia chreoslogical ender, ts pre- 
seured by what appears to be a vecy carefully made bareinetric messuremeat by 
DML. Crwverl, published in Petermann's valuable Mitthellungen Wher wichtige 
near Erforechungen der Geographic, 1856 (Hie& =) S. 908—361. This 
traveller, im September 1865, found the elevation of the highest, d.« of the 
borth-westernmost crater-mmargin, as compared with what he considered to be thr 
sean atmospheric pressure at Vera Crus, only $290 metres, =16,029 Freach 
feet ; being S21 such feet (J, of the whole eight measured) Jess than I bad 
fyund by trigonometsio measurement half a century before. Cruveri also coo 
faders tho eight above the sea of the city of Mexico te be 154 French fort tem 
‘than it was made by Burkart and mnyself at very different perkads (instead of 
2277 metros, he eotimates it at only 2917 metres). I have treated moce felly 
ef thete variations, in plus and minus, from the resait of my trigunoeetris met 
rarement («hich unfortunately has not even yet been followed by a seoond eee) 
in the above-tumed Journal of Dr. Peterman, $ 479481, ‘The 453 deter- 
minntions of elevation which I made from September 1799 to February 1804, 
in Venezuela, ou the forest-covered bunks of the Orinoco, Rio de ta Magdalena, 
and Amazons ; in the Corditleras of New Gransds, Qeito, and Per ; and in 
tho tropical parts of Mexico; which heve all been recaloulated by Profemer 
Oltmanns, unifurmly according to the formula of Laplace with the coefRicienta of 
Ramond, and which wero published, in 1810, in my * Nivellement barométrSyae 
c& géologique” (Recueil d’Obsery, astronomiques, vel. i. p 295 —354), were 
made without excoption with Ramsden's cistern-barometers, “A sivewu constant,” 
and not mt all with apparatus in which one fnserta snccenstrely several fre 
‘Biled Torricellinn tubes, norwith the instrument deseribed by sve in Lamdtbeciels 
Journal do Physique, t. fr. p. 468, and which was only ocensionnlly exeploped in 
Germany and France in the years 1796 and 1797. 1 used sietlerly come 
structed Ramsdon's portable cistern-barometers in 1805, im m Joursey Ukromgh 
Italy and Switserland with Gay-Lussac ; we wore both watiafied with thelr per~ 
formanee, ani a comparison with revults obtained in the excellent investigations 
of Julias Schmidt (Beschr, der Eruption det Vernve im Mai 1855, 8 114— 
116) has recently shown that wo had reason to be eo, As I pertr ascended the 
‘summit of Popocatepetl, but measured it trigonometrically, tt i the mare diff 
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cult to tinderstand the gromads of the extracedinary objection made by Craverl, 
in Petermant’s Geogr, Mitibeil. Heft x S980: “ that the helght ascribed by 
‘me to the reatitain is too small, becanse, ab T have myself stated, 1 had ex= 
ployed the method of setting up frevh-(lle) Torriceliian tubes” ‘The apparwiius 
with several tabes fs not applicable in the epen air, and least of all ca the sum 
snlt of a high meantain, It ix obs of the means to which, with the couvenlences 
that cities afford, an observer teay have recourse at loog intervals of tine, when 
hho is wnenay ns to the cenditicn of his trometer, In this way, as a means of 
verification, I bave bad receurss to it om n few very rare ocessicas only, tut I 
would etill recommend f to travellers as warmly as I did in my Oleeev, autr, 
(vol. p. 963 —373); * Comine it vwut mieux ne pas observer du tout que de 
thire de matvaises observations, om doit smokes ersindre de briser be bareinbire 
qua Wo Ve voir dérangé, Comme noms wrens, BM. Bomplasd et mol, traversd 
qestzo fols Jes Corlltces des Andes, Jes mesures qui nous intéressaient Ie plus 
cat (ef répétées hb dliférentes reprises; an est retourns aux emdroite qui paraliee 
talent dootenx. On vest servi de temps en temps de Fappareil de Multis, dane 
Iopoe! ea fait Fexpérience primitive de Torricelli, ex appliquant seccesaivenent, 
‘trols oa quatre tubes fortement chauffés, remplis de meecure nicerusest bowilll 
dans un crenuset do gris. Lorquion est stir de me pas pouvoir remplacer tee 
thule, Ul eat peut-ttre prodent de ne pas faire boalitir le mervare dass ces then 
mtmes, C'est ainsi que j'ai trouve, dans des expéciences fates cenjelntement 
veo M. Linloer, professor de chimie h Técole des mites @u Mexique, la bautenr 
de la coletne de mercure & Mexico, dans six tubes de— 

259°7 lignes (ancien pied de Paris). 

295 ” . 

2004 

2099 ” 

400 « ” 

20 ” . 
Len Geax deralers tubes seule valent 614 pargée dwir an fea par SE eltardeat, 
ingénicar d'iastruments A Mexico. Cente Fexactisnde de Vexpéelence épetd 
em purtio de la propeeté inticieure des tubes vides ai facibos & traneporter, il eit 
utile d¢ les ferrner bermétizuement hla bunpe.” As in mwuttaleons dlstricte 
the angles of altitude fer trigenometrical meawerements cannot be taken frum 
the eon-shore, api the measurements themselves wre shined, being in part bards 
wmetrio (eften they are so to a thin), aad from: that to half of their mlisle 
smonnt), the determination of the elevation of the Bigh plain le whieh the base 
Tine ts meuimered becomes of great importance, As corresponding barcatrio 
chvervations at sea are rire, wool | movt comes too distant, travellers are only 
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too mach disposed to aswume, as the mean atmospheric presiure om the hich 
plain und at the sen-shore, results inferred by them from obgervatzons made 
using a for days only, and perhaps also at other seasons, “Dame Ja qeention 
Se savoir, ai une nesnre faite an moyen da baromdtre pent atteindre Nexactitole 
Sen opérations trigonométriqnes, il no s'agit que d'examiner, si dans un cas dened 
Ios denx genres de mesures ont été faites dans des eirconstances égalemnest favo- 
rables, clest-L-diro, en recmplissant Jes conditions que Ja théorie et une lungae 
expérience ont prescrites. Lo gombtre redoute Je jeu de refractions terrestres; 
le physicien doit craindse Ja distribution ai inégale et pee aiemeitande de la 
teinpérature dans 1a coloune d'air, aux extelanités de laquelle se troureat plards 
es deux baromdtres, Tl eat assez probable que pris de Ja surface de Ja terre le 
dervissernent du ealoriqne eat plus lent qu’d de plus grandes Géwatiens; et prer 
ceanaltre avee pricision 1a densité moyenne de toute Ja colonne a'wir, il faadrait, 
ea #élorant daps wo ballen, pouvoir examiner Ia température de chagee tranche 
ou couche dair superpoace,” (Humboldt, Recueil d'Obeerr. aatron, rol, i pe 138, 
api 371, in the Memolr on Refraction and barometric Measurements.) White, 
on the one hand, the barometric measurement of Mesars. Tragei and Ceaveri 
gives only 17,188 feet for the height of Popoeatepetl, and, on the other, Ms. 
Glennic's makes it 17,884 feet, a newly published result, by a traveller who bay 
examined tho environs of Mexico and the districts of Yucatan and Chiapa 
(Gymmaainl-Professor Car] Heller of Oliiita), ngrees with mine to withi thirty. 
‘two feet. (Compare my momoir entitled “Ueber die Hike des mexicanisebes 
Vuikans Popocatepet],” in Dr. Peteemana’s Mittheilangen aus Jastus Perthes 
geographischor Anstalt, 1856, S, 479—481.) 

() p. 452. —In the Chimborazo-rock it is not possible to separate: mecka- 
nleally the crystals of folepar from the ground-ronsa in which they are embedded, 
#9 cat be done in the Ktna-rock; but the proportionally large amount of silicic 
eid contained, and the lower specific gravity of the rock connected therewith, 
enable the felspathic ingredient to be recognised mx oligoclase. The ameant af 
Ailicio acid contained, amd the specific weight, are, for the meat part, in inrene 
proportions in cligoclase and labradorite respectively the first is G4 and $3 per 
cont, ‘tho lator is 2°66 and 271, Anorthite has, with ealy 44 per ceet 
of silicic acid, the great specific gravity of 276, In felspathic miserals, whieh 
are also isomorphous, this inverye ratio, between ube amount of allele acid ad 
the specific gravity, does not hold good with different forms of exystaly a 
Gustay Rove has remarked. Thus, for example, felspar and lesctte bare the 
‘samme constitvents—potash, alumina, and silicic acid; but gelspar bas 65, and 
Jeucite only 56 per cent of silicic acid ; and yet the former bas = higher apevitic. 
geuvity (2°96) than the Istter (2°48). 

‘As, in the spring of 1854, 1 wished for a now analyals of the Ckimbersss) 
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trachyte, Professor Rammolaberg was so kiod as to undertake it, with hls wrual 
precision. I aubjoin tho revults as they mere communleated to me by Gusta 
Riege ins letter in tho sxonth of June 1854. “The plese of Chimborass-reck, 
which Professor Rammelaberg has submitted to a careful analysis, waa broken 
‘off from a xpeciinen in your collection, whieh you hud brouglit from the narrow 
rockky crvat at at elevation of 19,094 feet above the sea. 


“ ANALYat ay Raspertanrre, 
(Eteontion, 19,004 English feet ; specie granity, 2806.) 


Slice acid + 
Alemina - S 
Protasyde of free 
Litne 





“ Axaurms sy Amore, 
(Eleoation; 16,178 English feet » mpeciic gravity, £685.) 








~ (In explanation of tbe above sainbers, it ia to be remarked that the first oo 
Juma gives the per-centage of the differest constituents, and the eecosd aad thin! 
the amount of oxygen in them, The recoed column ladicates only the axygen of 
the stronger oxydes (whieh contain 1 atom ef exygen). In the think coleman 
this is catlected togetiber, for the sake ef compariven with the aluriinn Cwliich Ie 
‘s weak oxyile) and the ailicie neld, ‘The fourth column gives the peepertiee of 
the oxygen of the silicic acid to the oxygec of all the busts taken tupettver 
as = 1. In the Chitnborazo-trachyte thie propeetion ls m= 2°83 1 1.) 
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“The differences between the analyses of Raamelabeng and Abich tre, iden’, 
rather considerable, Both the specimens of Chimbarnzo-rrck analysed, ose 
from an elevation of 19,094 fect, and the ether from 16,178 feet, were struck 
eff by yourvelf, and are feom yoar geognostieal collection in the Royal Cabinet of 
Minerals ia Berlin. The rock from the lower elevation (sctrcely 400 feet higher 
than the summit of Moot Blane), which was analysed by Abich, has « lower 
specific gravity, and, in acoardance therewith, a greater ameant of silicie acid 
than the rock from the higher elevation which was analysed by Hememebiberg. 
Asgumning the alamina to belong exclusively to the felspathic portiea, we may 


< = 5 ie 
= << 4m 
aos 
‘ha with the pais of apa ct thas Sula artigo 
ailielo acid, it is probablo that the felspathio ingredient ia oligoelas, and mit 
labradorite, This latter does not present itself with five silicic weld; and with 
the aseumption of Inbradorite in the rock, there would remain over iil mee 
silicic acid.” 

‘A. carefal comparison of many anulyses— for which Iam Laibebted to the 
fiendship of BI. Charles Sainte-Claire Deville, who had the free cheanical ase of 
any part of the rich geological collections of oar common fiiead Boussingseit — 
shows that the quantity of slicio acd, in the ground-mass of trachytie rocks, is 
mostly greater than in the Selspara which they contain, ‘The sebjitond table, 
kindly communicated to me by the author, in the month of June 1857, lncledes 
five of the great voleances of the Andes. 


balé-viteified, brownish or 
half-vitrified and black 


Cotopast [ema 
Pichincha 
Pura 


Guadeloupe 
Bourbos 
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“Cos ditirences, quant & la richesse en silice, entre ta ite et To foldupath,* 
aide Charkes Deville, “ paraitront plus frappantes encore, si Ton fait attention 
qu’en analysant ane roche en masie, on analyse, aveo la pate proprement dite, 
non seulement des fragments do feldypath semblables h ceux que Ton en aextealts, 
mais encore des minéraex qui, comme lamphibole, le pyroxtne, et surtout te 
peridot, oont moins riches en silico qno lo felapath, Cet excde do silico se manl~ 
festa quelyuefois par des grains isolés de quarts, comino M, Abich les « aignalés 
dane les trachytes du Dracheafels, et comme moi-méme Sai ea Toceasion de tee 
chocreve ree quelqos donmement dans le deirite trachytique de ta Guage 

” 


© 17 nape Gustav Roe, “wo dd to the remarkable table ef the quantity of 
wilicio acid in the Chimborazs-rock the result of Rammelsberg's latest analyabs 
(May 1854), we find that Deville's revnlt falls just Lntermediate between those 
of Ablel and Rammelsberg. We obeainss — 

Chimboraze-rock. 
Siljele acld 65°09 Abich (specific gravity, 2685), 
69:19 Deville, 
62:06 Deville, 
50°12 Rammmalabeng (specie gravity, 2°906)," 

Is « newrpaper appearing at San Franciaco, in California, *1'Echo 22 Pax 
AByue," there is an secant, a the Sth of January 1857, froa: a French trae 
eller, Mossieur Joles Remy, of his having succeeded, en the Sri of Noversiber 
1856, In company with am Englishman, Dr, Brezcklay, in reaching the surnmel’ 
‘of Chimborazo, Ho adds,“ s0 wrapped in mist that as we meanted we weer 
tot aware ef it (sans noms en douter)” He observed the boilieg pulat of 
‘Water at 775 cont., the temperature of the air being 17 cent, and om calee- 
ating the elevation from hence, “ according to a bypecmetrie rule tested duriog 
repeated jrameys in the Sandwich Ialands,” be wns surprised at the result he ob- 
taleed, Ie found that be bad been at a beight ef 6543 metres (21,470 feet), 
ditfering oaly feety French feet from that given for tbe tep of Chimbaraso by: 
my trigonometric measurement, taken im Jane 1808, from near Risbamle 
Nuevo, in the high plaln of Tapia, This agreemest betwee in trigenametrie 
measurement, and one foanded oa the boiling post of water, is the more aur 
prising, because my renalt involved, as west alwaya be the case in the Cordillera», 
‘a barometric portion (for the beight of the plain of Tapia, 0484 feet, which fee 
‘want of corresponding cbservations cn the seashore, could mot Lave all the ate 
curacy that might be desired. (For details, see my Mecwell d'Obsery, astren, 
vol. k py luxil and Lexiv.) Profesor Poggwadeet? kinily undertook the treulie 
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of exxnining what woall be the result given by a moro satisfactory mode af 
ccaloelative under the most probable suppositions. Calculating anier the two 
hypotheses of the temperatere of the air at the sea-abore baving been either 
27° 5 cent. of 26°S cent. and the bright of the barometer reduced to the 
freesing post TOU" 0, be fownd, acconling to Regnault's Tables, that 775 
erat for the boiling point of water ea the semmit corresponds to a barometer 
reading of 320" 20 at O° cent.; tbe temperature of the alr was +197 cent, 
whieh we may take for coureaience as 1°5, According te thes data, Oltmant’s 
lables give for the height attained, in the first hypothesis (275 cea), 7223" 
2, and in the second hypothesis (265 cent.), 7314™ 5, ec, om the anean, 777 
tetres more thas my trigenemelsic measareinent, To have agreed with this 
last, the experiment, soppesing the summit of Chimboraze to Bave bees really 
attained, ebochi hare given the boiling poist 2°25 cent. higher than it dil. 
(Poggendorfe Anmalen, Bd, 100, 1857, 8.479.) 

(*) p 433.—As carly a9 1883, when placing the rich Sicilian collections of 
Friedrich Hoffinann in the Berlin Mineralogical Cabinet, Gastar Rose extiatio! 
himself and bis friends that the teuchytes of Etna contain labraderite. In the 
Memoir on the Rocks designated as greenstone and greenstone-porphyry (Peg- 
end, Ann. Bd. 34, 1835, 529), Gastar Rowe mentions Eten bevas mblek 
contain angite and Labemdorice. (Compare also Abich, in the fice Memslr as 
the whole felspar family, 1840, in Poggend, Ann. Bd..50, S347.) Leopold 
we Buch calls the Etaa-rock anslogous to the dolerite of the Dasals formation. 
(Poggend. Ba. 37, 1836, 8. 188.) 

(*) p. 433. — Sartorins von Waltershasieo, who has been fer seany years & 
iligent explorer of the trachytes of Etna, makes the important remark." That 
hornblende there belongs rather to the elder. masses, the greenstone dies in she 
Val dol Bore, and the white and reddish trachytes which form the base of Kes 
in the Serra Gisnticola. Black homblendes and bright leck-greea angites are 
there found near together, The more recent lava-streams from 1669 (paetica- 
larly thowe of 1787, 1809, 812, 1819, 1832, 1888, and 1842) shew angite, 
Lut not homblende, which appears to be produced under a slower rate ef oscl- 
ing.” (Waltersbansen, Uster dio valkunischen Gestaine yon Sicilien und Lala’, 
1853, 5.111~114) In the angite-containing trachytes of the Foarth Divisien, 
in the chain of the Andes, I have foand angite sbundant, but le seme case 
absolntely no crystals of hornblende, and in some others (as en Catopas! at as 
slevation of 14,068 feet, and on Ruce. Pichinehs wt an elewation of 15,904 feet) 

interspersed rare but distinot black erystale of homblemda 

(°™) p. 433. — Compare Pilla, im the Cosnptes rendus de TAcad. des Se. 
1. ax, 1545, p 324. In the leacite-crystals of the Rocca Menfina, Pills found 
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the surfoce conered with worm-tubes (serpulem), which indieates submarine 
voleanic erigis. On the Jeucite-rock of the Eifel ia the trachyte of the Burg 
berg near Rielen, and that of Albano, Lago Braccisne and Borghetto, necih of 
Bune, we Kemmos, Bd. fr. S82, An. 93 (English edition, Note $17). In 
the centre of a large erystal of leucite, Leopold von Buch has often found the 
fragmeot of a erystal of augite, arcand which the leacitic crystallisation luna 
taken place, “which, ax has been already remarked, seetns scoewhat strange, 
‘viewing the easy fusibiity of angite aud the non-fesibility of lewcite, Tt iv etl 
meee frequent to find pleces of the paste of the eucite-porphyry itself enchant 
saa nucleas.” Olivine is also found in lavas: x kn the cavities of the chelstinn 
which I brought from Mexico frem the Cerro del Jacal (Kosmos, Bak S464, 
Anm. 60); and yet it is also found in the hypersthene-rock of Euital, which 
was long taken for syenite. (Berzelius, Secketer Jahresberieht, 1827, 5 302.) 
Ciigoelase presents « similar contrast In respect to the places in which it is 
fuand:: it occurs in the trvehytes of stitl burning voieanoes (Penk of ‘Tenerife 
and Cotoparl); and yet It presents itself loo ls the granite and granitite of 
Sehreitenan and Wanntrun (a the Silesian Kieengebirge, (Guster Those, On 
‘the Rocks belengieg to the Graaite Group, in the Zeitecheift dee deutecken gecl. 
Geseliechaft mu Berlin, Dd, |. 8. 364.) Tt ls net so with brvcito te Mutewie 
rocks; for the staternent that leneltes are found interspersed is the mica-tlate 
xed ipeelan of the Pyrenees at Gavarnie (which hes even been repented by Hany), 
as bees found by Dutniaoy, by veréeal years of Joeal examination, to be enn 
necus, (‘Tralté de Minéralogie, t. HL p. 599.) 

(0) x 435% — Ino geslogical Journey, which 1 made tn 1796, threugh the 
tooth of France, the west of Switzerland, asd the north of Italy, 1 had teen 
convinced that the Jurassic limestone which Werner reckooa! as belonging to 
‘Ms Musebelkalk, constituted a distinct formation. Im my memoir oa eubterra- 
ean gases, which my brother, Wilbelm von Humboldt, published io 1799, while 
Twas in Soeth America, this formation, which I bad desigented pevrlabocally as 
Jura limestone, was first mentioned (S.0). Iwas thence immediately adopted 
Into Oterbergrath Karsten's * Minerabogische Tabellen,” which were then seule 
read, (1800, 8. 64, aad Verrede, S vil) Thad not mained any of the Gaulle 
which characterise the formation, and respecting which Leopold tua Buch dit 
such valeable service bn 1859; I was leo mistaken tn the age which F amigned 
to Ht, a» fromm the neighbeurbood of the Alps, which were then bellerat to be 
chler thas Zechstess, 1 eupposed It te te obder than the Muschellzall, In the 
eartieat Tables of Buckland, “Os the Saperpotition of Strata in the Beitiah 
Tehands,” the “ Jura-limestone* of Humboldt ts reckoned as belonging tu the 
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upper oolite, Compare my Kasai géogn, sur Je Gisement des Reches, 1523, 
asi. 

(wp 406. — The me, of Andie. an Destipieted daca nema 
Leopold von Bach's, read at the Berlio Academy om the 26th of March 1835, 
As that great geologist restricted the name of trachyte to rocks im which glassy 
frlspar ie comtaived, be maid in his memoir reed to the Academy in March 1835, 
Sut oot published until 1836 (Ruggend, Ann Dd, xxxviin S 288—190).— 
©The discoveries of Gustay Rove on felspar have thrown a new light om voles 
oes and the whole of geognory, and tbe kinds of rock in roloances have appeared 
thereby in a sew and entirely unexpected aspect. . After many careful examen 
tions ia the district about Catania, and on Etna, we, i. 6 Elie de Bessmont and 
1, became coavinced that there is no felsyar in Bins, and therefore, no trmchyte 
Ail the streams of lava, as well as tho beds im the interior of the meuriain, 
‘consist of a mixture of angite wed labradorite, Another iopertant difference ia 
the rocks c£ voleanoos mppears when albito takes the place of felapsr; a new 
rock is thus constituted which can no longer be termed trachyte. Acsending te 
G, Rowe's investigations (at that time), it aay be affirmed almout decidedly shat 
wot one of the namerous volcanoes of the Andes consints of trachytey bat tat 
they all contain, in the mass of which they are formed, albite. Such an asses 
ton woems « very bold one; but it will appear less so if we cormider that almost 
the half of these volosnoss, aad their products jn either henisphere, are Anewn 
to us by Humboldv's travels alcse. Furthar, this lkind of rock, rich in albite, is 
known throagh Meyen in, Bolivia and the north of Chili, through Pappig to the 
extrune south of Chill, ss well aa thooagh Ecman in the yoleanoes of Kam- 
tachatka, Such  markel and widely extended prevalence seems suliciest to 
Jnstify the naine of andesite, by which this kind of rock, conslsting: of predeet- 
soating albite mized with a little bormblenda, has been already more thas once 
prevented to notice.” Almost at the same time, in the adiithons with which, ia 
1836, he eo materially enriched the French edition of his work oo the Camara, 
Leopol von Bach entered into still further detailss considering. the wileazoe 
Pichincha, Cotopaxi, Tungorahus, and Chimborazo all to osuslst of sdelte: 
and, on the otber hand, calling the Mexican yolosnocs true 

tenchytes! (Devaription physique des Hes Canaries, 1896, p. 496, 487, 410. 
and 51) The lithological elamification of the Mexican apd Ames voleanoen 
which has been given in this work, ehows that there is, mo atch unilfermdiy of 
ruineralogical constitution, and that no general designation, taken from ae ex 
tensive region of the east, ean bo scientifically applicable. Net long afherwanis, 
L also twice committed the fault of employing the name of andesite, the mie ef 
hich tends to create confusion: once, in 1896, in the description of sey attempt, 
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to reach the summit of Chimborasa, printed in Sclrumacher’s Jahrbuch for 1897, 
& 204 and 205 (and reprinted in my Kleinere Schriften, Bd. j. 8. 160 and 101); 
‘ana the second time, ia 1897, in « memoir on the Highland of Quito, in Pogewod, 
Ano. Bd, xl, 5.165, I there said, haring previously strongly opposed my 
frieod's statement that all the volcanoes of the Andes are similarly constituted :-—= 
© Very recent timnes hare shown that the different sees do not always present 
Une sane (mineralegieal) compenitice,—the same ingredients, Sometimes we have 
tenchytes proper characterised by glassy felopar, as at the Peak of Teneriffe mtd 
the Siebangebinge near Bors, where some albite is astociated with the felipary 
those are felypartrachytes, which, as active volcanot, frequently produce 
ebeldian and pumice ;— sometimes wnelaphyres and doleritie cempoitions of 
labradorite and nogite, more early approaching basalt: as at Etna, Strombeli, 
apt Chimteeus;— someciines albite with hombleade prevails: as in the newly 
so-called Andeaites of Chili, and the magnificect columns of Place, described 
ns Morite-porphyry, near Popayan, at the foot of the Voloano of Pursct, oe in 
the Mexican Volcano of Jorallo;—and lastly, sometinnes Jeneite-ephyrs, six» 
tures of levelte and angite: os in the Sema, the ot wall of the crater of 
tevatica of Vesurias.” By an accidental miswoderstanding of this pasage, 
which Lears many traces of the imperfect state of knowledge at that these (still 
assigning elapar instend cf oligoctase to the Peak of Tevesitfe, labestorion to 
‘Chinidersm, and albite to the Volcano of Toluca), the ingenious investigator 
‘Abie, limself beth» chemniat and a geologist, erroneously attributed to me (Pog. 
geod. Arm, Bi li, 1840, 8 589) the invention of the name andesite as that of» 
trachytie, widely didtused, slbite-coutaining rock; acd gave to a new apecien of 
Gelapan, first anabyoed by him, and respecting which there is etlll sameebecerity, 
the masse of medesion, “ix cenrhleration of the rock (from Marmate near 
Popoyan) in which it wns first recegnived.” Andesine (porodo-albite In ane 
ite) woakd be placed intermodiately between labradorite wed eligeclase: at the 
Leemperstere of 15° Réautar its specific gearity is 2733; that of the andealte, 
in whick the xededise vias found, ls 5593. Gestay Row, aud subsequently 
Charles Deville (Btudea de Lithelogle, p. 90), have doubted the independent 
exlatence of exdesion ass species: aa It rests aly on a singleanstyals of Abich's, 
that made by Frascls (Popgend. Ann. Bd. lil. 1841, 8. 472), fn the laboratory 
of Heinrich Hove, of tive Selspathlc portion of m fine plece of diecite-porphyry 
which T becught from Piecje near Popayan, indicating, indool, great resemblance 
te the andesine feom Marmato analysed by Adich, bat yet the composition being 
Aifferoat, ‘There is etl much greater uncertainty, us to the eo-eallet andesite, 
in the syenite of the Vosges (from the Balben de Servance weil from’ Coravitites, 
analysed by Delse) Compare G, Rose, In the already eften-clned Zeltecheift 
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der dentachen gecloglichen Gesellschaft, Bd. i for 1849, S969, This nat ue 
important to recall bere that the name of andesioe is frat adduced by Abich, sx 
that ofa slmple mineral, in his comgeebentive semeic entitled, “ Beitrag snr 
Kenmniss des Feldepaths” (Poggend. Ace, Bal § 125 aed $40; BA, BS 
519), in 1840, nt least Ere years after the introduction of the wond ssdmite, ot 
antecodently to i, as bas bres seunties erreneansly stated. The firmatiins in 
Chill, which Darwin vo eften calls “andesitic granite" and © andesitie porphyry,” 
rich in albite (Geelogical Otwerrations on South America, 1546, p74), may 
‘ery well also covtais cligoctase, Gustar Rose, whose mtsnoir™ Usher Sie Netmer- 
clatar der mit dem Gr&asteine und Griinsteinporphyr verwandnen Gebirgearten” 
(in Poggend. Ann. Bd, xxxiv. S 1—20) appeared in 1885, wtither then mr 
rubsequently used the word * andesite,” the definition of which, according to eux 
present keowlelge of the eature of the Ingrodients, mould be not * albite with 
hornbleade,” bet, 2 the Cordilleras of South America, “ eligoclase with sagive* 
"The already antiquated story of thiis term, whieh I bave, { fear, trewted at tor 
mnch length, concurs with many other examples in showing that, In the coame 
‘of the development of our physical knowledge, the descriptive sciences may gain 
‘ty the stinulas to olservation sometizses afforded by erronecies or ixaloyustely 
grounded distinctions (is in the tendency to reckea varieties as species), 

(@*) p. 496. — As early as 1840, Abich deseribed oligeelase-tentliytes fem 
the sumtit-rock of Kasbegk, and from a part of Arweat (Abich, “ Ueter te 
Natar und die Znaammensetzung der Valkan-Bildanges, S, 46); alsa, as enily 
ny 1895, Gusta Rose (Poggend. Asn, BA xexiv, & SD) expresiml hlimelf 
cautiously to the effect: “that hitherts in his deterwitations he had not taken 
account of oligoclase and pericline, whick yet are predadly also cempenents” 
‘The belief which was formerly much eftertained, thet decided predominance 
of augite or of hornblende would also allow us to comlade as to = determinate 
species in the felspathic series, — glasry orthoclase (sanidine), tabesdueile, wr 
oligoclase,—seeins to be mach sbaken by a comparison of the Chimborses and 
Toluca-rocks, of the trachytes of the fourth and wird divisions Is tasaltle 
formations, homblende and wugite are often both eywally abundant; that bs by 
no means the case in trachytes; but, in x very few Eeatances, T have foul 
augite-crystals in Tolacasteek, and seme crystals of hornblende in portioas of 
the Chimborsx»-, Pichincha, Purseé., and Teneriife-rck. Oliviiees, whiel ane 
29 exceedingly rarely wanting in basalts, are as surely 10 be fowl In trweliytes 
as they are in phonolites; and yet we sometimes see, in particular lara-curvents, 
olivines form in quantity by the aide of wugites. Mica is geoerably very unesml 
‘in basalt; and yet some basaltic suromits of the Bohemian Mistalgebings, dest 
described by Reuss, Freiealobeo, and myself, contain it in quantitien I is gre 
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able that the unusual sporadic oscurrence of certain mineral bodies, ant the 
reasons of their regular or mormnal specific association, are depeadent on the coos 
currence of inany not yet ascertalned causes in respect of pressure, temperature, 
character and degree of finidity, and rapidity of costing,  Specitie differences of 
association are, however, of great importance in mixed rocks, as well ma in lle, 
‘or veln-masses; and in geological deseriptlons drawn up in the open fledl, where 
it bas been possible to do #o with the describe! chject mcteally present cane 
shoold te taken to distioguish whether any particular associated ramber is of 
general yovalence, or at lenat is rarely absent, or whether ite oceurrence is only 
cceasional and apparently accidental, The diversity which is found in respect 
to the elenents of a compssite rock (ex. gr. trachyte) Is also to be observed, 
6s T have already remarked, in the occurrence of the rocks themselves, In 
both continents there are large territories in which trackytes md basalts, aa ft 
‘wore, ropel each ether, as do basalts and. phonclites; and other territories in 
which trachyten and basalts alternate in considerable proximity to exch other. 
(Compare Serseh, Monographio der buhmischen Phowolithe, 1886, 8 1—7.) 

(*!) p. 437, —Canpare ia Bischof, Chemische und plrysikaliooe Geology, 
Bd, ii, 185), 8, 2288 nod 8, 2297; and Roth, Monographie des Vewurs, 1857, 
& 305, 

(*) p. 438, — Kosmos, Bd. Iv. S. 365 (English edition, p. 920). 

(") p 498. — It Ja ecarcely necessary 10 retsiod the reader that the exe 
presilon “is wanting” oly implies that a mineral species has liltherty lawn 
looked for in vain threugheat » vot inconsiderable portion of the rolewmons wf ait 
extetive territory. I distinguish between: wamting (i, net fount); rarely 
fouml; and frequently present, but yet not sormally and m» a charncteritle 
eam powerit. 

() p 438. — Cart vom Oeynhausen, Erik dee geogn Karte dew Lacher 
Sees, 1847, 5 33. 

(%) 49% — See the Bergmiinnisehes Seurnal vou Kier und Maftmaa, 
Gth your, Wd, i, (1792) S 244, 251, amd 265, Barale, rich im mihow, aa at the 
Gainayer Kuppe in the Bobecaian Mittelgebirge, ia a racity. 1 yialaed thie yart 
‘of the Bohemian mountains in 1702, be company with Cart Frelenlelen, war 
afterwards travelbed with me in Switserland, and who very materially lnthuenoed, 
my geognentic and mining edveation Bischof double mies bebag ever produced 
Jn a pyregenous manner, and regards It ass pouduct of metamerphte acto 
% par ba vole bumide;” sce hia Lebzboch der elem, und physikal Geulogie, 
Ba. ii, 8. 1426 and 1459. 

(0) p. 42%, — Jenmach, Beisrage aur Keontules der Mienstitbe, in the Zelte 
sehrift der deutechen geologischen Grsaliachafl, I. vill 1856, 8. 36, 
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(7) p. 439. —Gnstar Rone, Usher die xer Geasitgrepipe geblicigrs Gebirge- 
atten, In the abore-mentioned Journal, BA i 1849, 8 359. 

(0) p43 — The porpbyries of Morn, Beal del Monte, and Begla (the 
latter celebented on ncecamt of the great silver riches of the Veta Biseayms, and 
the vicinity of the obsidians and pearl-stooes ef the Cervo del Jaeal and Cerro de 
Ins Navajas) are, like alnost all the metulliferwus porphyries of Ameriea, extiry 
withoot quarts (0 these pluctomess, and some completely analogous cos in 
Hungary, see my Exsal géognostique sur fe Gisement des Buches, p 179—185 
acd 190—193); but the porphyriee of Acugnisetis, en the ruad frem Arapalce 
0 Chilpansingo, aa well as those ef Villalpando to the sorth ef Gasnsxasto, 
whiob ary traversed by auriferoas veins, contain, together with saniding, erates of 
brownih quarts, As at the Cerro de les Navajux snd ts the basalt ax! feast 
Atone-containing Valle de Santiago, along which coe passes in going from Valles 
dalid to the Voleano of Jurulto, the ancloaures of grate of elwiiian and lany 
felapar in the volcanic recks are, om the whole, tare, I was the more astocinbed 
‘when, between Capals and Puzcoare, and especially near Yuriapundars, ter 
all the ant-bills filled with abising grains of obsidian abd sanidine. Thy was 
in the month of September 1803. (Nivellement bareunite. 327, No. 365; 
and Essai géognost. sur le Gisement des Roches, p56.) I weedered lew it 
could be possible for such small insects to carry these minerals frew a ¢rmt 
distance. I have seen with lively pleasore that an ardent explorer, Jules Set- 
cou, has met ehewhere with scmething quite similar, He says: — Il existe eur 
Jee haute platewux des Montagnes Recheases, murtout aux eovirens du Fort 
Déiance (4 Fouest du Most Taylor), une exptce de fomrenis qui, am lien de a 
sarrir de fragmenp Ue bois ot de ddbris de végéeaux peur Gever sect ABSce, 
niemploie que de potites piorres de In groweur Jun graim de mals, Se festinet 
Ja porte & choisir Jes fragmons do pierree Jes plas brillawtsy atl Te fourmeilidre 
est-allo souvent remplis de grenats transparents magnifiques et de grains de 
quars triw-timpidex” (Soles Marvou, Résumé explicatif diate Carte géogs. dee 
Etats Unis, 1835, p 3.) 

In tho present lavas of Vesuvias glassy felspar is very rare; met no tn the 
older lavas (for example in those of the eraption of 1631), with Homeite erystale 
Sanidine is also found abundantly, without any touche, in the Arse-cureest of 
Cremate, in Ischia, of tho your 1301, which is not to be confeunted with 
the more ancient one described by Strabo, which is neur Mentagnone and Rotars 
(Kosmos, Ba. Iv. § 340, Ann, 61, and S. 447 ; English edition, 260, Mote 
986, and p. 407.) Glassy felspar is not found in the trachyter of Cotepast or 
the other voleances of the Andes : nor docs it appear in the rubtermssoss pantie 
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stone quarries at the foot of the Cotepaxt What have been formerly deseribed 
lu these as saniine wre crystals of oligorlase. 

(%) p 440.—Heth, Monographie des Vesuva, 8, 267 and 332. 

(@) p 440, —Sce above, Aum. 82; English elithon, Nete 606 ¢ Rove, Reine 
each dem Ural, Be. il. S 969 ; Bischof, Cheen, und pliysii. Geologie, Id. di. 
53B— 671. 

(@) p 441. — Gilbert's Annalon der Physik, Ba. vi. 1800, &. 635 Bischof, 
Geologie, Ba, ii. $, 2265—2903, 

(7) p. 441. —'The Inter lneas of Vesuvius do not contain any clivine any more 
than any glamy felopar ; Roth, Mon, des Veouns, 5 139, The lara-streain of 
the Peak of Teneriffe of 1804, whic bas been deseribed ly Viens and Glas, i, 
neocoding to Laopekd von Boch, the only one which goatains olivine, (Dever, 
des Hes Canaries, p. 207.) 1 have shown elsewhere (Examen critique do Title. 
teles de ls Géographie, t. iii, jp 149—146) that the stalenent that the eruptlen 
of 1704 was the first since the cougnest of the islands at the end of the 16th 
centery is erranpous, Columbus, in his Gat voyage of dlsovery, in the mights 
fora the 219% to the 25th ef August, when about paying a visit to Duta Beatris 
de Bebadilla, in the Genn Canaria, maw the Gory eraption in Tecerifie, In hile 
Scarnal, under the heading “ Jueves 9 de Agosto,” which ecenprises iatelligence 
up to the Sod of September, it is naid, * Vierwa walle gran fungo de ts Sierra de 
Ja Lila do Tenerife, que et may alta em gran mmnera ;* Navarrete, Col. de tos 
Viages de loa Kspadoles, tL pS. ‘The wboniaanad Indy te net to be ene 
founded with Della Destris Henriques of Contra, the mother of his Wegitimatic 
en (the learned Den Fernando Calon, his father’s historian), whose pregeapey 
ia the year 1483 contributed eo materially to retala Columbes in Spal, and 
thus to cceasien the New World to be discovered for Castille aad Leos, ast met 
for Portugal, France, ee Englant, (Comp, my Exe eit. tp 980, 367.) 

(®) p 641. —Koumon, Bd. iv. 6. 276, English edition, js 230, 

(™) pe 441.—An important part ef the rock-speclmens collected by me 
during my American expolitians has beea sent to the Spaaiah Mineralagieal 
Cabinet, to the King of Rtrurls, to England, and te France, T do sot reer to 
the geological amd totanien) eclleeeions pommemed by my noble friend and fellow. 
lubcurer Boopland, by the doubly sacred right of yerronal cellection and dlae 
covery. Such a wide distributhan of ccllected materials, when (by means of Very 
preelan notice of the localities in which each wns found) the pwevervutlon ef 
crease in geograplileal respects ls oot provented, offern the advantage ef taelli- 
tating the tnest wurled and strict examination of the mineral species whow 
habitual associatlen charncterioes the reeks. 

Aa 
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(>) p 442.— Humbobit, Klelnere Schriften, Bai. S139, 

(@) p 442. — The mame, S 202, and Komnes, BA. i. S357, Eeglih 
otion, p 312. 

(7%) p 442. —Hambollt, Ki Sche BL LS. 344. Ihave also fund omc 
ddivise im the tesoctle™ ef the Cerre de Axusen, in Meaics. Ia this * tesoutle” 
collalar lava or basaltic amypisleid ? ‘The Mexican wend tetaoctli maa stint 
Yais, from ttt, atone, and teostli, air. 

(™) p. 442.—Sartecins ven Waltershamsen, Physisch-geographische Skizse 
vos Inland, S. 64. 

(™) b 442—Berselins, Seckster Jahrestericht, 1827, 8 392; Guster Bane, 
in Poggeod, Ane Bd. xxziv. 1835, S 14; Kommos, BA. L S464. 

(%) 4 42 —Jeassch, Phonstithe, 1856, S 97; and Seoft, ta bis Important 
work, Clunificathon der Feburten, 1857, 5 187. Olivine le nlso foand, accord 
Ing to Scacchi, in the calcareous blocks of the Sema, together with ries and 
ugite. I call these remarkable masses emitted Nocks, not lavas ; the Scams 
‘has never poured forth any of the latter. 

(@) p.442.—Poggend. Am Bd. slix, 1840,S. £91, and Bd. exxiv, 8, 902; 
‘Danbrée, in the Annales des Mines, me Série, t. six, 1851, p 669. 

(™) p 443.—Koumos, BL i. 8. 136, nnd Bd. lll, S. 6155 Engllah edition, 
vol. I. jp 120, and wel tl. p 444. 

() 443. —The satoe, Bd. &. S. 465. English edition, Note 293, 

(O°) p 43.—Humbolit, Voyage aux Régleas Equinexlales, t. kp 156— 
165. (Ed. In 41a.) 

() Pp 444. — Compare Komwos, BY. fy. $. 366; Englisl edition, p. S20, 

(™) p 444. —Scacchi, Osservastuni crithebe sulla maaions come fa sepelta 
Vartica Poopel, 1843, p10; ageiast the view put Gorward by Carmine Lippi, 
and sobsequently defented by Tondi, Tenure, Pilla, anl Dafnésoy, thas Ponpell 
and Hereulaseam wero overwhelmed and buried, net by rupli and aubes ejected 
Gireetly frum the Samma, bat through the agency of currents of water. Bath, 
‘Monoge. des Vesura, 1857, S. 458, (Kosmos, Bd. iv. 8 449; English wlitiea, 
» 409.) 

(™) p. 445. — Nivellement baromite, in Homboldt, Obsery, Astron, vol 1 
p 905, No, 149. 

(®) p. 445, — Kosmos, Ba. iv. &. 567; English edition, p. 323. 

(®) p. 445.—On the pumice bill of Tollo, which is still two dapat journey 
from the active volcano of Maypu, which latter never sent forth a morsel of suck 
Pumice, see Meyen, Reiso um die Erde, Th. i. S 398 and 358. 

() p. 445.— Poppig, Reise in Chile und Peru, Bd. i. 8 426, 

(@) pr 445. — Compare Koumon, 84. iv. 8.417; English edition, p 375. 
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(*) p. 445, — Franz Junghuhn, Java, Bd. I. & 388 and 592, 

(0) p 446. —Leopohl von Buch in the Athandl, dee Akademie der Wiss, 
tm Berlin aus den J. 1812 — 1815 (Berlin, 1816), 8 12% 

() jp 446. — Theophrastus de Lapldibas, § 14 and 15 (Open ei. Schneider, 
tL 1818, p. 689, &. &. p. 426, and © iv. p. 551), says this of the Lipari-rock 
(Aorapaies). 

() p. 446. —Rammelaberg, in Poggead. Ancalen, B4. 80, 1850, & 464, 
and Fourth Sopplement to his Chemische Handwirterbuch, 8. 169; compare 
alo Bischof, Geelogie, Bd. ii, 5. 2224, 2252, and 2280. 

() 1 47. — Koumos, Ba. i, §.333, 954, 357 —860, 366—368, and 377; 
English edition, p. 289, 310, 313-916, 222—24, ant 332. Bespecting par. 
ticular cases in the geographical distribotion of the pamices and obsidians in the 
tropical sone of the New Continent, compare Humboldt, Essai géognostiqne aur 
bo Gisement des Roches dans les deux hdmisphices "823, p. 40—242, andl 
ou. 
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